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AIRBORNE RADAR DESIGNERS: 


VOI-SHAN 

SCR-MAGNETIC PULSER 
FOR MAGNETRONS.. 


Voi-Shan Electronics’ new SCR- 
Magnetic Magnetron Modulators 
replace and out-date thyratrons with 
simplified solid-state circuitry utilizing 
silicon-controlled rectifiers and satu- 
rable cores. The result is unsurpassed 
life and reliability, assured by the use 
of refined potting techniques. 

Voi-Shan modulators now in pro- 
duction have been use-proven at 
altitudes up to 100,000 feet— are 
smaller, lighter, and lower in cost 
than any previously available, and pro- 
duce a finer spectrum. They operate 
off any available AC or DC prime 
power source— eliminating a separate 
high-voltage power supply. 

The configuration and specifications 
shown here can be readily modified to 
meet your own particular design 
requirements. For a prompt quote, 
contact Don M. Worden at the address 

Voi-Shan Electronics' activities 
include the design and manufacture 
of transistorized time delay relays, 
intervalometers, sequential program- 
mers, voltage sensors, frequency 
sensors, magnetic amplifiers and reg- 
ulators, as well as programs encom- 
passing travelling wave tubes and 
electro-mechanical counters. A request 
on company letterhead brings your 
free copy of our new electronics 
catalog. 


VOI-SHAN ELECTRONICS 

13259 Sherman Way • North Hollywood, Calif. 



TRIMS PULSE JITTER 
TO LESS THAN 
.OIO MICROSECOND 
DURATION -NOW AVAILABLE 

SPECIFICATIONS, MODEL M10-1009: 




VOI-SHAN MANUFACTURING COMPANY 

A Division of Voi-Shan Industries, Inc. 



Here’s a brand of inflation that's easy to take-Goodyear's 
inflatable structures that - can take to the air in folded 
form, blossom out on-site into tough, lightweight 
shelters, radomes. fuel farms. 

Shown above are a few recent developments in rubber- 
ized fabrics by Goodyear : 

©Fuel Farm of Pillow Tanks -these huge containers 
can be set up, filled and pumping in minutes. Drained, 
they roll up like rugs for compact storage and transport. 
Capacities to 50,000 gallons or more. 

(D“Soft-Top" Radomes by Goodyear provide all-weather 
protection that shrugs off snow, ice, 150-mph gales. In 
sizes to 100 feet in diameter. Goodyear radomes offer 
highest transparency to radar waves. Even radar 
antenna is inflatable in new design above. 

©Personnel Shelters of Air Mat fold into light packs. 


inflate in minutes. Provide comfort and protection in 
worst weather. Ability to hold air eliminates air-locks 
and need for constantly running compressor. 

©Mobile Command Post features Goodyear's 9-inch Air 
Mat fabric— with highest strength/weight ratio known. 
Stored in truck side, structure unfolds and inflates to 
room 25-feet-square in 15 minutes. 

Portable— lightweight— super-tough -flexible— these are 
the product qualities you can count on in Goodyear 
inflatables. But the real secret is Goodyear’s design- 
engineering ability to fashion rubberized fabric into 
shapes and constructions you'd never think possible. 
And the odds are that our staff can fabricate the answer 
to your problem. Find out by writing on company letter- 
head to The Goodyear Tire & Rubber Company. Aviation 
Products Division, Dept. Q-1715, Akron 16, Ohio, or 
Los Angeles 54, California. 


Lots of good things come from 
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AIRCRAFT LAND ON GOODYEAR TIRES, WHEELS A 


BRAKES THAN C 



or if you wish, call or w 


are not alone in their thinking . . . Leonardo da Vinci, engineer, 
n of an age when three centuries had to pass before many of his concepts 
men of vision. □ Today's quick minds are the fortunate product of an era 
:an be mated to their needs— an age when a spark of inventive- 
gress. □ If such a chain reaction of creativity is characteristic of your group, we 
n Ex-Cell-0 can fuse into your operation a reliable source for precision products 
mentand manufacturing facilities, plus the experience required 
own thoughts. □ Contact the Ex-Cell-0 Representative in your area, 
ir Aircraft Division’s central offices, Detroit. 
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You may not recognize U.S. 
Patent No. 2,880,830 -but we know you 
are familiar with the part it describes 
—Shur-Lok’s self-locking blind insert. 



Featuring Shur-Lok’s exclusive self lock, 
these sandwich panel fasteners are the strongest 
available to the missile and aircraft industries. 

You’re probably using them now in such popular 
applications as aircraft cabin bulkheads and panels. 
These highly versatile fasteners function 

equally well in metal or non-metallic sandwich — 
making them ideal for use in trailer, marine, building 
and other industries. 


If you have a fastening problem, Shur-Lok 
engineers can provide a solution with specialty fasteners to 
meet your specifications. Send details of your applications for 
study. Write today for our new fastener catalog. 
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Sept. 27-50— Power Systems Conference. 
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NEWEST with BEST FEATURES 




^^HYFEN tips (straight shank-solid barrel) have multi-point 
contact surfaces and independent detent locking action 
©gold plated, crimp-type, snap-in, removable HYFEN tips 
with insulation grips take single or multiple leads 
^Jclosed entry on wire lead side prevents oversize probe 
damage 


© 


e leads for each board position on each side 


position 





NORWALK, CONNECT. 


J-BURNOY 


TORONTO. CANADA 




For drastic weight and space reduction ! 

For safest handling of cryogenic, exotic, 

radioactive and conventional fluids! 
For unsurpassed reliability! 


VENTURI 
Shut-off VALVES 

... in modern aircraft and 
missile propulsion systems, 
ground handling and nuclear applications 


CHEMICAL CORPORATION 


Ford Road, Danville, New Jersey 



NEW! 
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Low cost 


all-electronic 


totally-transistorized 

DIGITAL 

MULTIMETERS 

Now in a single 514" or 8%' x 19" panel 

Digital Multimeters for measuring any 
combination of AC/DC volts, AC/DC 
ratios, and resistance, with new pre-amps 
for higher sensitivities, optional electrical 
output and print command capabilities! 



• 50 readings per second, average 

• Inline "SUPER-NIXIE" readouts 

• 0.01 % accuracy 

• 1000 megohm input impedance 

• Automatic, manual and remote ranging 

• Automatic polarity 

• Twin Zener diode internal reference 

• Front panel sensitivity control 

• Etched circuits, plug-in card construction 

• Will operate directly in multi-point scanning 
and print out data logging systems without 
any additional circuitry or auxiliary equipment. 



Electro Instruments, Inc. I 









NOW! A lightweight aircraft bolt with 
220,000 psi tensile strength, 900°F maximum temperature 

The new LWB 922 aircraft bolt is another SPS de- 
velopment stemming from the critical need for 
increased strength-to-weight ratios in applications 
to 900°F. 

The LWB 922 offers substantial weight savings 
over previous 220,000 psi bolts . . . without impair- 
ing mechanical strength or fatigue properties. 

Result: Fewer bolts are needed, heavier bolts can 
be replaced. 

The reduced size of the bolt head allows closer 
installation to perpendicular bulkheads, with resul- 
tant structural weight savings. What’s more, the 
design of the bolt provides a fastener compatible 
with the newer, high-strength elevated temper- 
ature materials. 



Characteristics of the LWB 922: 

• Tensile strength— 220,000 psi, minimum 

• Endurance limit— 80,000 psi at 10,000,000 cycles 

• High retention of strength at temperatures to 900°F 

• Hi-R thread form for increased fatigue resistance 

• Threads fully formed by rolling after heat treatment 

• Continuous grain flow in head and shank 

• Cold working of head-to-shank fillets 

• Forged from 5% chromium, high-strength steel alloy 

ance at high temperatures 

• 100% magnetic particle inspection 

• Available with companion locknuts— FN 922 Series- 
in sizes #10 through 1 !■>> in. 



For complete technical data on the LWB 922 and 
the FN 922 ask for new Bulletins 2593 and 2613 



AIRCRAFT/MISSILE Division 


JENK1NTOWN 3, PENNSYLVANIA 
SANTA ANA, CALIFORNIA 
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where reliability replaces probability 


3 dimension radar with 

longer range. 

increased angular resolution, 
higher data rate, 
rapid electronic scan 
and greater accuracy 

lower production cost 

(jilfilllin 





Advanced hot gas 
systems delivered 


by AiResearch 


THE 


esearch is now in production on 
greatly simplified hot gas steering 
:ol systems: a reaction control 
system for outer space flight stabili- 
zation and a hot gas actuator control 
system for terrestrial steering (in the 
atmosphere and under water). 

Both systems eliminate any need for 
pumps, heat exchangers, accumulators 
and other apparatus required in ear- 
lier control systems. And both systems 
utilize hot gas, operating off either the 
main engine or a separate fuel source. 

The gas in the outer space reaction 
control system is fed into a set of noz- 
zles which imparts spin to the missile 
to stabilize its flight through space. 

In the terrestrial hot gas actuator 
control system the gas is fed into an 
on-off controlled linear actuator which 
moves the fins controlling the missile’s 
attitude in the atmosphere or under 
water. This system also utilizes a con- 
cept developed from the AiResearch 
hydraulic “printed circuit.” This 
approach eliminates complicated 
plumbing, thereby decreasing the 
weight and increasing the reliability 
of the system. 

AiResearch is a pioneer, leading developer and manufacturer 
of hot gas systems and other nonpropulsive power systems 
for atmospheric, underwater and outer space missions. 

tr inquiries are invited. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California • Phoenix, Arizona 

Systems, Packages and Components for: AIRCRAFT, missile, electronic. NUCLEAR AND 
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INDUSTRIAL APPLICATIONS 



thanks to XEROGRAPHY. . . 


A Stock-Print System Saves You Up to *50,000 Yearly 





BENDIX 20 KVA GENERATING SYSTEM 
PROVES TREMENDOUS VERSATILITY 


Here is a lightweight, transistorized, AC generating 
system that brings extreme dependability to its 
many applications. First developed for the USAF 
for one of its Century series fighters, the Bendix 
20 KVA system will soon be flying for the U.S. 
Navy on Grumman’s WF-2 and Sikorsky’s HSS-2. 

The Bendix system regulator will provide close 
voltage regulation and will hold transients to a 
minimum with rapid recovery. The protection panel 


will protect the critical aircraft components from 
under- and over-voltage and from under- and 
over-frequency. 

Offers unusual effectiveness on missiles and on a 
wide variety of aircraft — in fact can be used on any 
engine-driven, air-driven, hydraulic-driven or 
pneumatic-driven applicadon . . . either airborne 
or ground. Get further details from bendix avia- 
tion CORPORATION, EATONTOWN, NEW JERSEY. 


Division 






Multipurpose APU 

New Solar gas turbine 80 hp APU is only 12)4 in. 
in diameter x 25 in. — weighs 59 lb 


solar’s new gas turbine powered 
multipurpose APU is ideally suited for 
airborne and ground power applica- 
tions— to drive hydraulic, electric or 

E ieumatic outputs for aircraft starters, 
el pumpers and portable generator 
sets. The Titan engine has the highest 
power-to-weight ratio of any power- 
plant in its class. It is ideal for single or 
multiple outputs from 25 hp to 80 hp. 


The lightweight unit is simple in 
design, easy to maintain and can be 
started instantly— without warmup— in 
temperatures from — 65F to 130F and 
under wide atmospheric extremes. It 
operates efficiently on a variety of fuels. 

standards of performance and relia- 
bility as propulsion units for one-man 
helicopters, in portable electric gener- 


ators and in other applications. For 
details, write to Dept. H-116. Solar 
Aircraft Company, San Diego 12, Calif. 


SOLAR^ 
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IBM 1620 


data processing system 


...the most powerful eng ineerin g computer in its low price class 



The new IBM 1620 is a desk-size engineering computer that offers you more 
computing ability per dollar than any system in its price class. 
Transistorized throughout, the IBM 1620 has a 20,000-digit magnetic core 
memory with variable field length and immediate accessibility. Its input- 
output notation, on paper tape and console typewriter, is in convenient 
decimal arithmetic. It can perform more than 100,000 calculations a minute 
and is easily adapted to your engineering problems. 

Easy to learn, easy to operate, easy to communicate with, the low-cost 1620 
helps free your engineering talent for more creative work. And in keeping 
with our concept of Balanced Data Processing, the IBM 1620 is supported 
by extensive services. This includes a comprehensive library of mathematical 
routines and specific industry programs to permit you to put the 1620 to 
work without unnecessary delay. 

Ask your IBM representative about the unique advantages of the IBM 1620. 
Like all IBM equipment, it may be purchased or leased. 

balanced data processing 




Announcement Hi 


CRYOGENIC 

EQUIPMENT 

FOR 

MISSILES 


i-Cambridge, under license from National 
Research Corporation, is now using the nowly-devel- 
' " ' ” ulation NRC-2 in its equipment for 

porting such hard -to -contain cryo- 
„ fluids as liquid helium and liquid hydrogen. 

NRC-2 is a multiple barrier reflective insulation 
operating under high vacuum. Tests by National Re- 
search. government and university laboratories, and 
the Standard facilities at Los Angeles. Decatur. Illi- 
nois and Lowell. Massachusetts have established its 
thermal efficiency. 

REDUCES HEAT LOSSES 

NRC-2. when compared with equal thicknesses of 
80-mesh perlite, ullows only I /35.7th as much heat 
leak. Performance records show NRC-2 to have the 
lowest heat transfer co-eflicienl of any cryogenic insul- 
ation now known, "k" factors as low as 0.28 micro-watts 
per cm° between room (ambient) temperature and 
liquid nitrogen (.1618 x I0- 1 BTU/hr/ft- It T) 
have been produced. 

WEIGHT AND SPACE SAVINGS 

NRC-2 weighs 7 1 .5% less by volume than perlite. I’av - 

omies in overall dimensions can be effected because 


STANDARD STEEL CORPORATION 

CAMBRIDGE DIVISION 

5088 Boyle Avenue, Los Angeles 58. California • leader Iron Works (Subsidiary), Decatur 88, Illinois • Cambridge Division. Lowell 88. Massachusetts 
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Upon 
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Missile 
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EDITORIAL 


An Excellent Report 


The House Defense Appropriations Subcommittee 
has done an excellent job in acting on the problems 
posed by the Fiscal 1961 Defense Department budget. 
Rep. George Mahon (D.-Tex.), chairman of this sub- 
committee and a veteran of many years of distinguished 
congressional service on defense policy, and his com- 
mittee members from both sides of the aisle deserve a 
heartfelt vote of thanks from the American people for 
the conscientious and courageous job they have done 
in this extremely critical year. The Fiscal 1961 defense 
budget is critical, not because there is an immediate 
defense crisis facing the nation today. It is critical be- 
cause the Fiscal 1961 budget will determine our defense 
posture in the admittedly critical years of 1961-64. 

The Appropriations Committee, in reporting out the 
bill as amended by Mr. Mahon’s group, has made only 
a slight change in the total defense budget— adding 
$121.9 million in a total budget of $39.3 billion (see 
page 30 ) . This action supports the contention of 
many critics of the Administration’s defense program 
that major increases in defense appropriations are not 
the real answer to the defense problems facing the nation 
in the critical years ahead. 

The Real Need 

What is really required is a more selective concentra- 
tion of the money available on the most modern and 
militarily significant weapon systems and a far better 
management of the military establishment tailored to 
clear-cut requirements of national strategy in a world of 
rapid technological change. In assaying this problem, 
Mr. Mahon’s House group has done a particularly fine 
job. We predict' their analysis of the defense problems 
facing us now and their recommended reallocation of 
funds toward the most significant weapon systems of 
the future will endure the crossfire of public debate 
and the acid test of history far better than the original 
budget submitted by the President last January. This 
committee, in a commendably bi-partisan spirit, has 
done a far better job than the original Administration 
budget planners in allocating the defense dollar where 
it will do the most good. 

Few Americans, after studying the testimony of Gen. 
Thomas S. Power, head of Strategic Air Command, be- 
fore Congress in recent months will quarrel with the 
Mahon subcommittee’s conclusion that funds must be 
increased to provide for the long leadtime procurement 
of spares necessary to develop an airborne alert capability 
for a significant portion of SAC’s B-52 bomber fleet and 
its supporting jet tanker environment. The committee’s 
recommended increase of $1 1 5 million for this purpose, 
combined with the original Fiscal 1961 budget request 
of $85 million and $175 million obtained from repro- 
graming earlier budgets and dipping into the war reserve 
mobilization fund, will provide logistic support for a 
SAC airborne alert capability of a size below the 25% 
force level recommended by Gen. Power. These funds 
do not provide for acquisition or training of any addi- 


tional air or ground crews required for the accelerated 
operations of the airborne alert. It must be obvious to 
the committee that a mechanical capability unsupported 
by sufficient trained flight and maintenance crew's offers 
little increase in real combat capability.. It is puzzling 
as to why they stopped short of the full solution after 
such a promising start. One answer may lie in their 
renewal of the President’s authority to incur a deficiency 
in Defense Department funds any time he deems it 
necessary to mobilize an airborne alert for SAC. How- 
ever, with the 10-12 month leadtime required for train- 
ing bomber and tanker crews and key electronic and 
engine maintenance personnel, this authority may count 
for little if a crisis conies upon us swiftly. 

The committee’s action in providing funds to ac- 
celerate development of the key military Midas and 
Samos reconnaissance satellite systems appears immi- 
nently sound. It is difficult to understand the tech- 
nical footdragging at the top levels of the Pentagon 
that have combined with constant reorganizations to 
artificially retard these vital programs. These recon- 
naissance systems offer great promise to decrease our 
vulnerability to an enemy surprise attack with ballistic 
missiles. The technical state of the art in this area 
is far more advanced now than was the ICBM tech- 
nology w'hen national top priority was accorded to push 
the Atlas and Titan programs. If our avowed national 
policy to use space for peaceful purposes has any 
validity, these programs should be pushed as hard as 
possible. For, although they will be military-operated 
systems, they offer a major advance in our ability to 
prevent any aggressor from waging successful war. 

Procurement Process 

The Mahon subcommittee report also has some in- 
teresting. and we think valid, comments on the military 
procurement process and the system of budget ceiling 
control that has come to be the primary control method 
in operating the Defense Department fiscal machinery. 
There is little doubt but that this budget ceiling approach 
to formulating the defense budget offers little hope for 
providing truly effective defense budgets adequate to 
cope with the pace of modern technology. 

A detailed study of the Mahon subcommittee observa- 
tions and analysis of these points as contained in its 
report to the House will be rewarding to American cit- 
izens who have been puzzling over the many apparent 
inconsistencies arising from the fact that we are spending 
about $40 billion annually on national defense and are 
still not meeting the technical challenge of the future 
or that of our most vigorous competitors. 

In fact, evert' serious student of the defense problem 
and ever}' American who is interested in the future sur- 
vival of his country and its political philosophy should 
read and study this report carefully. It is a major 
contribution to the national debate on the adequacy of 
our planning for defense in the critical period looming 
on the immediate horizon. —Robert Hotz 
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CAI 

contributions 



CAI 

fills an 

inside 

straight 

CAI’s specialty: reconnaissance and 
surveillance from conception through 
finished hardware. Pacific Optical 
Corporation Division assures compre- 
hensive internal control and produc- 
tion forfast starts andcrash programs. 
CAI now ranks as the only visual 
sensorsystemmanufacturerwithcom- 
plete lens system design and fabrica- 
tion facilities! Whatever the optronic 
project, CAI stands as best equipped 
to handle it . . . quickly, efficiently, 
creatively, reliably. 

Pacific Optical 
Corporation 

has joined CAI's other divisions: In- 
dustries, complete systems capabil- 
ity: Chicago Aerial Survey, aerial 
photogrammetric service; Kintronic, 
components division. 


to 

reconnaissance 

and 

surveillance 

include: 



Chicago Aerial Industries, inc. 

1980 HAWTHORNE AVENUE, MELROSE PARK, ILLINOIS 
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WHO'S WHERE 


In the Front Office 

Dr. Charles L. Critchficld, vice president- 
research, Telecomputing Corp.. Los Ange- 
les, Calif. Dr. Critchficld, formerly direc- 
tor of scientific research for the Convair 
Division of General Dynamics Corp.. will 
continue as a member of Convair’s board 
of scientific consultants. 

The following executives of International 
Harvester Co. have been elected directors 
of Solar Aircraft Co.. San Diego. Calif., a 
Harvester subsidiary: Harry O. Bcrclier. Wil- 
liam R. Odell. Harold B. Myers, David G. 
Moyer. 

James W. Clyne, manager of sales and 
service of Sikorsky Aircraft Division of 
United Aircraft Corp., a new position, Mr. 
Clyne, associated with Douglas Aircraft Co. 
since 1935, had served as director of the 
firm's international commercial sales since 
1952, as president of Douglas Aircraft Co. 
(Japan), Ltd., since its establishment last 
year. 

Webster H. Wilson, president. Hazel- 
tine Corp., Little Neck. N. Y., succeeding 
William A. MacDonald, who continues as 
board chairman. 

Douglas V. Dorman, corporate vice presi- 
dent of industrial relations. The Martin 
Co., Baltimore, Md. 

Chandler C. Ross, manager of Aerojet- 
General Nucleonics, San Ramon, Calif., a 
subsidiary of Aerojet-General Corp. Mr. 
Ross is vice president-engineering of Aero- 
jet-General. 

Iden F. Richardson, a vice president, 
Hughes Aircraft Co„ Culver City, Calif. 
Mr. Richardson continues as manager of 
the company's commercial products activi- 

Jack Kuhncr. vice president-general mana- 
ger, Military Products Division. Hoffman 
Electronics Corp., Los Angeles. Calif. 

Don R. Wilson, vice president-flight, 
Continental Airlines, Inc. 

T. F. Huntington, a vice president, 
Trans World Airlines, Inc. Mr. Hunting- 
ton continues as executive assistant to the 
president. 

Raytheon Co., Waltham, Mass., has 
elected ^thc^following as vice presidents: 

and international services: John F„ Gagnon, 
industrial relations; Robert L. McCormack, 
general manager. Industrial Components 
Division; Dr. Martin Schilling, government 
programs and planning. 

Honors and Elections 

Melvin N. Gough, director of National 
Aeronautics and Space Administration op- 
erations at the Atlantic Missile Range, has 
received the Laura Taber Barbour Air Safety 
Award of the Flight Safetv Foundation for 
his activities as chief test pilot and chief 
of the Flight Research Division at Langlev 
Research Center from 1942 to 195S. 

Warren D. Novak of GPL Division. Gen- 
eral Precision. Inc., has been named na- 
tional chairman of the Institute of Ra- 
dio Engineers' Professional Group on Pro- 
duction Techniques. 

(Continued on page 125) 


INDUSTRY OBSERVER 

► Chance Vought and Grumman are reportedly the two finalists in Navy's 
competition for an aircraft for use as a launching platform for its Eagle 
long-range air-to-air missile system. Final decision is expected within the 
next few weeks. Grumman is believed to have proposed a slightly modified 
version of its new Mach 0.9 A2F (see p. 94) and has quoted on a fixed-price 
basis. 

► Douglas Aircraft Co. has an Air Force study contract for VEWS (Very 
Early Warning System) involving space vehicle, tropospheric scatter links, 
tracking stations and a ground network. 

►Initial launch of a Project Courier delayed relay communications satellite 
(AW Apr. 27, 1959, p. 28), under development by Army for the Advanced 
Research Projects Agency is now scheduled for July. 

► Air Force is considering a 600-ft. rotating, directional antenna for possible 
use in an advanced, very-high-power microwave system. Almost circular 
antenna would stand on a pedestal some 300 ft. high. Its rotational machin- 
ery would control the antenna's position to within 0.02 in. 

► Air Force plans to use a fleet of 18 Douglas C-133B turboprop transports 
for airlift of Atlas and Titan ICBMs from factory to operational and test 
sites. C-133B, of which two already have been delivered, incorporates 
enlarged cargo doors that will accommodate either of the later model Atlas 
missiles minus vernier engines, or both stages of the two-stage Titan in a 
single load. 

► New competition for the GJQ-9 ground checkout system for Douglas’ 
GAM-87A Skvbolt air-launched ballistic missile and the North American 
Hound Dog penetration missile system has been narrowed to three con- 
tenders by Wright Air Development Division— Packard Bell, Bendix and 
International Telephone and Telegraph Corp. Former competition held by 
Douglas for a system for the Skybolt alone has been abandoned. 

► Navy is increasing the combat radius of later-model Douglas A4D attack 
planes bv substituting the 8,500-lb.-thrust Pratt & Whitney J 52 turbojet 
for the Curtiss-Wright J65. New engine also permits additional attack 
capability from five externally-mounted combat stores. 

► Launch Pad 13 at Cape Canaveral, Fla., damaged in March by an explo- 
sion, is now being modified to handle the operational E-series of the USAF- 
Convair Atlas ICBM and is expected to be ready for service next month. 
Pad 11, damaged a month later by another Atlas explosion, also is scheduled 
to be ready in June. Pad 12, used for Atlas and Atlas-Agena launches, and 
Pad 14, reserved for Atlas and Project Mercury launchings, are both in 

► Convair Atlas-D, scheduled to boost Mercury space pilots into orbit, 
now has a record of 21 successful firings out of 26 attempts since the 
trouble encountered early last year was overcome. An additional Atlas-D 
exploded on the launching pad at Vandcnberg AFB, Calif., during a train- 
ing exercise in which no launch was planned due to personnel error. Atlas 
has had only five failures in the last 28 launching attempts. 

► Air Force interest in ordering North American's A3J-1 Mach 2 attack 
bomber (AW Nov. 2, p. 23) is largely predicated on the feasibility of 
obtaining an aircraft capable of carrying larger loads than Navy’s carrier-based 
version without seriously compromising high-speed-mission profiles. Two 
possible versions are now under study. Navy’s A3J-1 is scheduled to begin 
initial carrier evaluation trials within the next two weeks and may become 
operational within the next year. 

► McDonnell F4H-1 Mach 2.4 fighter is expected to become operational 
with the Navy sometime this fall. Aircraft recently successfully completed 
its carrier trials except for what is described as a "minor and easily solved” 
arresting hook problem. 
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HOW THE HELPED... 


CUT SILICONE RUBBER INVENTORIES AND SPEED DELIVERIES 


Until recently, the rubber fabricator had just two 
methods of obtaining silicone rubber compounds 
expressly suitable for specific products. He might 
purchase gum stock and formulate his own com- 
pounds, or he could buy a variety of standard 
stocks with properties as close as possible to his 
requirements. 

Now every fabricator can readily achieve the 
rubber compounds best suited to the goods he pro- 
duces. The new method is a complete system. It 
consists, first, of a basic Union Carbide silicone 
rubber compound, or “masterbatch,” and second, 
of easy-to-understand data that permits any fabri- 
cator to mix and fit ingredients to meet his needs 
perfectly. 


be made faster. The least expensive ingredients for 
the job are always employed. Harassing technical 
studies and trial-and-error tests are slashed. There’s 
strict control and accurate estimating of com- 
pounding costs, invaluable in a highly competitive 
market. 


This unique method is another of the many 
ways the Union Carbide Silicones Man is helping 
rubber fabricators. Sound interesting? Please write 
for details to Dept. EA-9904, Silicones Division, 
Union Carbide Corporation, 30 East 42nd Street, 
New York 17, N.Y. 
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educed. Delive 


SILICONES 


Single Management 
For Rover 


Tighter Procurement 
Policy 


Borrowing ‘Fees’ 


Soviet Missile Accuracy 


Washington Roundup 

Watch for Harold B. Finger to be named manager of a joint NASA-AEC office 
to run Project Rover. Single management approach will replace the current system of 
coordinating separate NASA and AEC efforts in the nuclear rocket development pro- 
gram. Finger currently is NASA's nuclear propulsion chief. 

NASA held a bidders' conference last week on a study contract to define the Rover 
flight test program. Study will evaluate the vehicles, support equipment and techniques 
involved. Conference was attended by 30 companies. 

Air Force is seeking congressional support for a plan to pay Thompson Ranio 
Wooldridge S25-million compensation for facilities taken from Space Technology Labora- 
tories as a nucleus for the proposed new USAF nonprofit organization. Rep. Carl 
Vinson reports that USAF Secretary Dudley Sharp told him the Air Force has the 
authority to make such a deal. Sharp estimated it would cost S40 million a year to 
operate the nonprofit corporation, a new group which is to take over the STL technical 
management function in missile and space programs. 

General Accounting Office is investigating this proposal. Evaluation of the plan is 
expected to be included in the GAO report on USAF ballistic missile program manage- 
ment, which is to go to Congress shortly. 

Congress is pressing the Pentagon to tighten procurement policies in the wake of 
a stream of General Accounting Office reports citing excessive military contract costs. 

House cut S400 million from Fiscal 1961 military procurement budget last week 
to force the issue. Appropriations Committee cited “admitted waste." proposed the cut 
to compel “prompt remedial action." The group also said military contracting officers 
will be called to explain their actions in administering "certain suspect contracts.” 

House Armed Services Committee has launched an attack on incentive contracts 
used by Air Force and Navv in aircraft and missile procurement. House group, led by 
Rep. Carl Vinson, maintains this type of contract permits contractor windfalls. Key 
witness supporting committee position at hearings last week was Renegotiation Board 
Chairman Thomas Coggcshall. 

Senate Small Business Committee spotlighted a GAO claim that Convair spent too 
much for B-58 air-conditioning carts. GAO says Convair-Ft. Worth spent S2.6 million 
unnecessarily by having special equipment designed and developed at Convair’s San 
Diego plant instead of adapting existing equipment. 

Sen. Harry F. Byrd, Finance Committee chairman, attacked the Defense Depart- 
ment last week for allowing “fees" to cover contractor borrowing costs. Fees are a loop- 
hole to get around the fact that interest on loans isn’t an allowable contract cost. 
Practice was begun after Defense resorted to partial financing of contracts in late 1937 
to defer cash outlays. Contractors had to borrow to finance their military work. 

Look for a strong effort in the Senate to restore the B-70 to a full weapon system 
development program. House Appropriations Committee approved the Administration 
approach to building two prototype aircraft. Considerable support for an expanded 
program is expected from members of the Senate Armed Services and Appropriations 
Committees as well as from other individual senators. 

Chief Air Marshal K. A. Vershinin, commander-in-chief of the Soviet air force, 
and nine of his top aides have accepted invitations to visit the U.S. this week, returning 
the 1956 visit to Russia bv Gen. Nathan F. Twining, then USAF chief of staff, four 
years later. 

Invitation was extended only two months ago when, according to a Defense Depart- 
ment spokesman, “it was deemed appropriate in view of the increasing exchange of visits 
by Russian and American officials.” Vershinin group will witness Armed Forces Day air 
show at Andrews AFB near Washington on May 14 and 15. 

Adm. Harry D. Felt, U. S. commander in the Pacific area, rates Soviet ballistic mis- 
siles as accurate as similar U. S. weapons. He told the House Military Appropriations 
Subcommittee that reports indicate the Russians met their goals in their recent Pacific 
tests and their accuracy “was as good as we get." Adm. Felt noted the Soviet missile is 
bigger than U. S. models and “their guidance system is probably simpler and very. 

Senate and House space committees are watching activities of NASA’s new Office 
of Life Sciences closely. They want to make sure NASA keeps its promise not to dupli- 
cate existing military aerospace medical facilities. 

House Committee on Science and Astronautics will hold hearings next week on 
supersonic transport development problems and status of related research. Committee 
will hear witnesses from NASA. FAA. CAB. Air Force, airlines and aircraft industry. 

—Washington Staff 
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Dyna-Soar Flight Test Schedule Detailed 


First air drop from B-52 planned for fall of 1963; 
initial manned glider launch slated for early 1965. 


Washington — Development of the 
Dyna-Soar manned boost glider, the sub- 
ject of Air Force and industry studies 
since 1954, is finally under way on a 
timetable that calls for: 

• First air drop of a Boeing glider from 
beneath a Boeing B-52 near Edwards 
AFB, Calif., in the fall of 1963. Drop 
tests will include manned gliding flights. 

• First launching of an unmanned glider 
by means of a modified Martin Titan-J 
missile booster from Pad 19 or Pad 20 
at Cape Canaveral, Fla., in early 1964. 

• First launching of a manned glider bv 
missile in early 1965. 

Next step in the Dyna-Soar program 
is to define precisely the subsystems of 
the glider and booster, prepare detailed 
design and performance specifications 
and hold competitions for subsystem 
contractors. 

For the glider, this will be done by- 
Boeing with the Dyna-Soar Weapon 
System Project Office supervising. Con- 
tracts arc expected to be awarded in the 
early fall, but it has not yet been de- 
cided whether subsystem manufacturers 
will be associate contractors working di- 
rectly under Air Force supervision or 
subcontractors to Boeing. 

The subcontractor arrangement, fa- 
vored by Boeing, now seems more likely, 
but USAF's strong determination to re- 
tain the systems manager role (AW 
Nov. 16, p. 26) may mean that the asso- 
ciate structure will be chosen. 

Although competitions will be the 
rule in selection of subsystems makers, 
Air Force says that a sole source will be 
accepted if "the glider contractor can 
justify this procedure. Justification will 


be very difficult, however, and a sole 
source will be the exception. 

Present schedule calls for completion 
of a glider mockup by early 1961 and 
release of 90% of the drawings by the 
spring of 1962. The first unmanned air 
drop follows by some 1 8 months. 

Decision to go ahead with Phase I of 
the program, which will carry develop- 
ment through the non-orbital (lights, 
came after a special technical review 
under Phase Alpha (AW Mar. 28, p. 
31). Phase Alpha was interjected into 
the program ahead of actual develop- 

• To get from proponents of a number 
of different ideas on re-entry- their views 
as to the best way to handle this prob- 
lem. In addition to the idea of a low-lift, 
capsule-tvpe rc-cntrv body, which was 
strongly supported by a number of com- 
panies, re-entry suggestions included 
folding wings, inflatable structures and 
use of a modified North American X-l 5 
instead of an all-new vehicle. This re- 
view— to ensure that the best approach 
was being used— was ordered by the then 
Assistant Secretary for Research and 
Development Joseph V. Charyk. 

• To develop a fairly definite plan for 
solving each of the expected problems— 
structural, materials, heating, etc. 

Project Alpha produced a stack of re- 
ports i 3 ft. high and concluded that the 
re-entry shape should be essentially the 
same glider configuration that was 
selected last fall. 

The glider will weigh about 10,000 
lb., have a wing loading of less than 30 
psf., and a lift to drag ratio of between 
1.5 and 2.5. depending on velocity. 


In general appearance it will resemble 
the glider proposed by Boeing's one- 
time competitor for Dyna-Soar, the Bell 
Aircraft Corp. 

While there is no military require- 
ment for u Dyna-Soar vehicle at the 
moment, USAF feels that this glider 
will meet the general liuhtarv needs for 
a hypersonic vehicle as they are now 
conceived. Dyna-Soar is expected to 
either verify current thinking or point 
the way to more realistic definition of 
requirements for such a vehicle. 

Structure probablv will consist of an 
erosion shield on the outer surface: a 
layer of insulation, probably foam ce- 
ramic; coolant passages, and beneath 
that a truss structure resembling that 
used in old fabric-covered aircraft to 
bear the principal loads. Coolants prob- 
ably will be circulated by a pump sys- 
tem, but a wick system that would allow 
water or some other coolant to boil off 
is still a possibility-. 

USAF believes that hypervcloeitv 
vehicles can be categorized as: 

• Ballistic shapes with a lift-drag ratio 
of zero, including missile nose cones 
and NASA Mercury manned capsules. 

• Modified Mercury follow-on capsules 
and nose cones with any ty pe of asym- 
metrical geometry that will provide 
some lift. 

• Vehicles with a lift-drag ratio of from 
1.25 to 3.0. Both the Dyna-Soar glider 
and the Eggcrs high-lift! high-drag re- 
entry "boat" can fall in this category. 

USAF believes that existing research 
vehicles are exploring the first two lift- 
drag regimes adequately and that Dyna- 
Soar will take care of" the third. This 
lift-drag ratio also will give USAF the 
maneuverability it feels it must have in 
an orbital weapon system. 

Under a letter of agreement signed 
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last Nos-. 1 5 bv USAF Chief of Staff 
Gen. Thomas D. White and NASA 
Deputy Administrator Hugh L. Drvdcn. 
NASA is serving as technical adviser to 
Air Force, and the program is being run 
as a research aircraft project. It differs 
from programs such as the X-l, X-2 and 
X-l 5 in that a weapon system will 
evolve directly, instead of as a separate 
development drawing upon the X-air- 
craft technology, if the program is suc- 
cessful. Except for load capacity, the 
research vehicle will have needed oper- 
ational performance characteristics. 

USAF believes that use of the un- 
manned gliders will allow it to study 
a wide Mach number range on each 
flight, and to cover the entire flight 
spectrum in a few flights. This will 
avoid the more costly test program of 
progressing in slow velocity increments, 
an approach still favored by a number 
of NASA technical people. USAF 
thinks that the unmanned approach, 
with attempts to take large steps on 
each glider flight, is the only one it can 
afford. It has stressed to contractors 
that the number of test flights must 
be held to a minimum— 11 or 12. 

Hie Alpha review convinced USAF 
that it has the best approach to the 
glider's design within today’s capabili- 
ties. Even if the new materials, etc.. 
that are desirable were available todav. 
it still might be done the way it is 
presently planned. Possibilities of the 
material's, structural approaches, etc.. 
were projected, allowing for growth, 
but the studies increased confidence in 
the feasibility of the program. 

Flight Tests 

Flight tests will be supervised by a 
committee composed of Air Force 
Might Test Center personnel with 
NASA Flight Research Center person- 
nel and chaired by a USAF colonel. 
Data acquisition, reduction and dissemi- 
nation will be supervised by a similar 
committee, chaired by an NASA man. 

Gliders launched from the Air Force 
Missile Test Center's Cape Canaveral 
site will land on island stations along 
the Atlantic Missile Range. Facilities 
such as skid strips, runway barriers, land- 
ing control stations and acromcdical 
laboratories arc expected to be installed 
at Grand Bahama Island, some 150 
naut. mi. from the Cape: at Mayaguana 
Island. 544 naut. mi. downrange; at 
Mayagucz, Puerto Rico. 944 naut. mi. 
downrange: at St. Lucia, 1,400 naut. 
mi. downrange, and at Ascension Island, 
which is 4,400 naut. mi. from the Cape. 

When and if Dyna-Soar proceeds to 
Phase II. which will call for orbital 
flights, they- would be boosted from 
Cape Canaveral by an improved Titan 
or possible an improved Atlas, and 
would land at Edwards AFB. Calif. If 
a weapon system follows, it will he 
boosted by the Saturn vehicle. 


Major Reorganization Designed 
To Broaden WADD Capabilities 


Dayton— Drastic reorganization of 
Wright Air Development Division de- 
signed to increase its capability for per- 
forming svstems engineering and inte- 
gration of complex weapon systems is 
now under way here. 

Major feature of the reorganization 
is the division of the laboratories into 
two separate groups, one to conduct 
advanced state-of-the-art development, 
the other to provide system engineer- 
ing support for Weapon Svstem Project 
Offices (WSPO). 

The reorganization is the most far- 
reaching in the history of the Air Force 
facility here. During the next several 
weeks, an estimated 3.700 persons, 
nearly- half of the total complement at 
WADD. will be shifted to new build- 
ings and offices. 

New Plan 

Under the nerv plan, WADD now 
consists of three major directorates plus 
four supporting groups: 

• Systems Management, under Brig. 
Gen. Joseph R. Holzapple. will incor- 
porate Weapon System Project Offices 
for aeronautical systems which formerly 
were part of the Air Research and De- 
velopment Command headquarters' 
Systems Management Directorate 
(earlier known as Detachment 1). 

• Systems Engineering, headed by Col. 
F. J. Ascani. is the nerv organization 
formed to provide technical support for 
the Systems Management Directorate. 



Personnel for this nerv directorate will 
come largely from engineers and scien- 
tists who formerly rvere members of one 
of the 12 laboratories which constituted 
the old directorate of laboratories of the 
Wright Air Development Center. 

• Advanced Systems Technology, 
headed by Col. A. L. Wallace, will con- 
sist of four divisions, each containing 
four laboratories, rvhich will devote 
their efforts to applied research and 
state-of-the-art development. Function 
is to advance technology for sveapon 
systems limited to feasibility models. 

The Directorate of Advanced Svs- 
tems Technology is expected to be the 
largest of the three, with approximately 
2.100 personnel, followed by the Direc- 
torate of Systems Engineering with 
about 1.800. Directorate of Systems 
Management is expected to employ 
about 700. 

Tire Directorates of Systems Man- 
agement and Systems Engineering have 
been established with parallel struc- 
tures. reflecting the fact that the two 
will be complementary organizations. 
In most cases, it is expected that per- 
sonnel from the two directorates work- 
ing on the same project will share the 
same or adjacent offices. The Systems 
Management Directorate will have 
“Super-WSPOs” for the North Amer- 
ican Mach 3 B-70 bomber, Dyna-Soar 
boost glide vehicle and the Skvbolt 
GAM-87 A air-launched ballistic missile 
projects. Tire balance of the project 
management groups for existing weapon 
systems will be placed in three major 
divisions: Offensive Systems. Defensive 
and Experimental Systems and Airborne- 
Support Systems. The latter will in- 

helicopters. 

The Systems Engineering Directorate 
will have a similar organization, with 
project engineering offices for the B-70. 
Dvna-Soar and Skvbolt, and engineer- 
ing division offices for offensive systems, 
defensive and experimental systems and 
airborne support systems. 

In addition, there will be fisc other 
div isions included in the Systems Engi- 
neering Directorate: 

• Ground Support Equipment. 

• Operational Support Division. 

• Systems Dynamic Analysis Division. 

• Engineering Standards Division. 

• Missile & Electronic Engineering 
Support Division. 

The Directorate of Advanced Sys- 
tems Technology will consist of: 

• Avionics Division. 

• Aeromechanics Division. 

• Materials Central. 
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Minuteman Ready for Rail Mobility Tests 

Los Angeles, Calif.— Mobile Minute- 
man intercontinental ballistic missile 
concept will begin to undergo tests this 
month using existing railroad rolling 
stock owned by the Department of De- 
fense and maintained by the Army's 
Transportation Coras. 

Six different deployments of the test 
train, comprising approximately 14 cars 
including locomotive and caboose, are 
planned for this summer and fall, each 
deployment differing in the control 
procedures and tactics to be tested. 
Data will be collected concerning the 
effects of varied geographical conditions, 
such as desert area operation, in the 
mountains and through heavily con- 
gested railroad areas in all types of 
weather, day and night. 

Initial three deployments will be op- 
erated in the West and Northwest sec- 
tions of the country and the final three 
deployments in the Midwest area 
around Des Moines, Iowa. Each trip 
will last seven to 14 days, with several 
days interval between trips to permit 
analysis of the different tactics under 

Tactics to be tried include random 
movement between sidings scheduled 
in advance of the trip and also timing 
movement of the train to specific sidings 
over the best available trackage under 

Strategic Air Command will function 
as test operator of the train, which is 
primarily to be an evaluation of com- 
mand control and communications, not 
missiles. A SAC bask force and control 
center was activated last week at Hill 
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AFB, Ogden, Utah, to monitor the 
command's portions of the program and 
continuous control over the train during 
its travels. Task force is commanded 
by Col. Virgil M. Cloyd, Jr., who has 
been director of operations for SAC’s 
First Missile Division, Vandenberg 
AFB, Calif. 

Other agencies concerned with the 
Minuteman mobilitv studv: 

• USAF Ballistic Missile Division will 
serve as test director and will be respon- 
sible for technical and scientific activi- 
ties connected with the program. 

• Air Materiel Command, through the 
Ogden Air Materiel Area, will furnish 
logistical support for the train and its 
military crew and for additional person- 
nel assigned to Ogden for the duration 
of the tests. 

• Boeing Airplane Co., associate con- 
tractor on the Minuteman, has respon- 
sibility for installing instrumentation 
and USAF-owned single-sideband and 
UHF radios in the command and con- 
trol car. This radio gear, plus the com- 
munications systems of each of the par- 
ticipating railroads, will permit the train 
control center at Hill AFB and SAC 
headquarters, Omaha. Neb., to main- 
tain continuous contact. 

• Assn, of American Railroads and 
participating members will furnish 
locomotives, cabooses and railroad 
crews. Association representatives and 
individual railroad supervisors will be 
aboard for liasion. The association also 
will provide a dispatching supervisor on 



duty at the train control center to co- 
ordinate train movement requests and 
orders with the individual railroads. 

Most of the cars on the test train will 
be used for sleeping and feeding the 
21-man SAC train crew and military 
and civilian observers, with other cars 
handling control and communications 
functions, storing food supplies, drink- 
ing water, diesel fuel and providing 
minimum recreational facilities for off- 
duty personnel. 

Test will assist in developing SAC 


capability to move over existing U.S. 
rail networks on a random basis, com- 

C heating the enemy’s targeting prob- 
ans. Train movement pattern will be 
completely unpredictable. It may move 
only a short distance and then spend a 
relatively long time parked on an exist- 
ing siding or move long distances and 
spend short times at the sidings. 

USAF is programing a number of 
Minuteman missile-carrying trains to 
operate in widely separated portions of 
the country. The amount of trackage 


used of the more than 1 00,000 mi. avail- 
able in this country will depend upon 
the number of trains operated and the 
area of operation of each train. The 
number of missiles on each train, when 
the system becomes operational, will 

Sabotage potential in such an opera- 
tion has undergone a complete study 
and SAC feels that this is a minimum 
problem, although security measures 
will be applied during the "test as well 
as actual operation. 


Revises Defense Budget 


House Group 

By Ford Eastman 

Washington— House Defense Appro- 
priations Subcommittee has boosted the 
Administration’s amended Fiscal 1961 
defense budget by $121.9 million and 
made sharp revisions in defense pro- 
grams in an effort to update needs and 
meet the challenge of modem military 
strategy. 

The bill calls for a total of S39.337 
billion for defense and boosts Admin- 
istration requests in the fields of re- 
search and development, aircraft, mis- 
siles, military satellite programs and 
ships and submarines. It also increases 
funds to provide a greater airborne alert 
capability for the Strategic Air Com- 

The Administration originally sub- 
mitted a defense budget of $39,335 bil- 
lion. It was subsequently reduced to 
S39.215 billion as a result of revisions 
suggested by the Air Force and Secre- 
tary of Defense during the hearings 
(AW Apr. 4, p. 29). 

Proposed Increases 

The Air Force proposed increases for 
space projects, missile warning systems 
and ballistic missiles that would be 
more than offset by a decrease in air 
defense spending. The Defense Secre- 
tary recommended a cut in the Navy’s 
attack submarine program and increase 
in the Polaris fleet bmlistic missile sub- 
marine program. The subcommittee ap- 
proved the Air Force revisions but re- 
jected the cutback in attack submarines. 

Total additions made to the Defense 
budget by the subcommittee amounted 
to SI, 529.7 million while reductions 
in other programs totaled $1,407.8 mil- 

Incrcascd funds, in addition to those 
proposed bv the Air Force and already 
accepted, include: 

• Airborne alert-to provide for a greater 
capability for the Strategic Air Com- 
mand to institute an airborne alert “if 
and when necessary," an increase of 
$115 million. 

• Air defense— to provide the Air Force 
with 50 moreConvair F-106 interceptor 


aircraft as replacements for Boeing 
Bomarc B interceptor missiles, which 
would be cut back under the Air Force 
proposal, $215 million increase. 

• Minuteman solid propellant ICBM- 
to speed development of a mobile capa- 
bility for the Air Force Minuteman mis- 
sile, $20.7 million. 

• Military space projects— to speed work 
on the "urgently needed” Midas bal- 
listic missile early warning satellite, the 
Samos reconnaissance satellite and the 
Discoverer, $54 million. 

• Airlift modernization— to provide for 
the procurement of "urgently needed” 
modern aircraft to increase the airlift 
capability of the Military' Air Transport 
Service. $250 million increase split be- 
tween the Lockheed C-130B and Boe- 
ing C-l 35 (sec p. 37). 

• Polaris submarine system— to provide 
for expediting the Navy’s Polaris pro- 
gram by fully funding five submarines, 
with supporting missiles and equipment. 


Polaris Communications 

Underwater communications to en- 
able Polaris submarines and other sub- 
mersiblcs to contact aircraft and one an- 
other while they are submerged are being 
explored with Naw backing at Croslev 
Division of Avco, General Electric, In- 
ternational Telephone and Telegraph 
Corp. Laboratories, Raytheon and Syl- 

' Work on one method. Secure Sub- 
marine Communications (SESCO), de- 
veloped by the Naval Electronics Lab- 
oratory is well along at the Naval 
Research Laboratory and Navy Under- 
water Sound Laboratory. SESCO is a 
method of voice modulating sonar for 

outgrowth of Navy's older Gertrude sys- 
tem, whereby submarines in close prox- 
imity were able to maintain telephone 

SESCO system for the Bureau of Ships 
under a $1,692,000 contract Croslev 
and General Electric arc probing newer. 


and partially funding seven more rather 
than fully financing three and partially 
financing nine as proposed by the De- 
fense Department, $241 million. This 
will complete funding for 1 4 submarines 
and partially fund seven more for a 
total of 21." 

• Anti-submarine warfare— to provide 
for a “more aggressive” ASW program 
by financing three nuclear attack sub- 
marines for the Navy at a cost of $171 
million, one more than the original bud- 
get request, and retaining the two pro- 
posed for elimination by Defense De- 
partment adjustments to the budget, 
and to provide for two destroyer escort 
vessels and financing further high- 
priority research efforts, $321 million. 

• Army modernization— to provide addi- 
tional high priority equipment for 
Army modernization^ $207.6 million. 

Reductions recommended by the De- 
fense subcommittee are as follows: 

• USAF Bomarc interceptor missile— 
to eliminate financing for the Bomarc 
B missile except for $50 million to con- 
tinue development testing if found 
necessary. Involved is a reduction of 
$40.4 million in funds requested for 
Fiscal 1961 and $253.6 million in Fiscal 
1960 and prior vear funds for a total of 
S294 million. ' 

• Navy aircraft earner request— to elimi- 
nate financing for an additional conven- 
tionally-powered aircraft carrier. $293 
million. 

• Travel-a 10% reduction supported 
by a limitation to curtail "abuses” in 
travel by all the services, $73.1 million. 

• Communications— to compel consoli- 
dation and better management of com- 
munications facilities within the De- 
fense Department, $84.3 million. 

• Departmental administration — to 
bring under control the headquarters 
military and civilian “bureaucracy" in 
the Defense Department, $33.6 million. 

• Operation and maintenance— for vari- 
ous service-wide economy adjustments 
in addition to travel and departmental 
administration, $85.8 million. 

• Army procurement— funds not needed 
because of slippage in jeep vehicle de- 
liveries and anticipated recoupments 
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U-2 Missing; Soviets Say U. S. Plane Down 

Washington— Soviet Union shot down a U. S. aircraft over Russian territory on 
May 1, Premier Nikita Khmshcbev told a stormy Supreme Soviet session last week. 
The plane apparentlv was an unarmed National Aeronautics and Space Administra- 
tion Lockheed U-2 "weather research plane whose civilian pilot had experienced 
trouble with his oxygen equipment at 55,000 ft. in a flight near the eastern border 

The U-2 was one of four operated from Incirlik Air Base at Adana, Turkey, bv 
Lockheed under contract to NASA. It took off at 8 a.m. Adana time May 1. 
Flight plan called for the first check point to be at 37 deg. 25 min. North, 41 "deg. 
23 min. East, and for a left turn to be made to the Lake Van beacon: thence to 
the Trabazon beacon, thence to Antalya and return to Adana. Scheduled time was 
3 hr. 45 min. and total distance was 1,400 naut. mi. 

The pilot called on emergency radio frequency at about 9 a.m. Adana time say- 
ing he had oxygen trouble and would head for the lake Van beacon to get his 
bearings and return to Adana. He was then between 50,000 and 55,000 ft. altitude. 

His last report indicated he was attempting to receive the lake Van beacon. Ho 
presumably was on a northeasterly course at the time. If the pilot had lost con- 
sciousness and the plane was on automatic pilot, it might have continued on a 
northeasterly course, NASA said. 

Air search began soon after the last message was received and continued through 
Khrushchev, in a belligerent, emotional speech, said his government had ordered 

knows what he is doing when he invades somebody elsc's territory, and. if he remains 
unpunished, he will launch new provocations.” He said he would ask the United 
Nations’ Security Council to consider the matter. 

A U. S. plane escaped after invading Soviet territory on Apr. 9, Khrushchev said. 

decided to repeat their aggressive act. State Department said it had absolutely 
no knowledge” on the alleged Apr. 9 flight. President Eisenhower ordered an inquiry 
and public report into the Soviet claim and the missing U-2. 

Khrushchev said the aircraft that was shot down did not carry "the usual markings” 

The NASA U-2 painted with a dark bine anti-corrosion paint, carried a 20-in. 
circular NASA symbol on the tail and a horizontal yellow tail stripe 12 in. high, 
with the letters "NASA” across the stripe. It carried no wing or fuselage markings. 
NASA said there apparently was no attempt to lure the U-2 across the Soviet border 
by radio signals ond no scramble of Soviet fighters was detected. 

" The aircraft's mission was a clear air turbulence study. NASA said. It carried an 
angular velocity recorder, modified VGH recorder to measure head-on gust coin- 

airspeed and altitude transducer to measure pressure altitude and indicated airspeed: 
AN/AMQ-7 temperature and humidity measuring set; vertex thermometer and 
USAF Air Weather Service cloud cover cameras. NASA said these cameras were not 
for reconnaissance and the plane was not carrying radiological detection gear. 

U-2 was designed in 1954 with a sailplane-type wing and specially designed Pratt 
& Whitney J57 engine for sustained high altitude flight. It has a ceiling over 60.000 
ft. Lockheed began operating 10 U-2s for NASA under contract in 1956. One 
exploded over Germany that year and another crashed in the U.S. in 1958. NASA 
now has one at Edwards AFB, Calif., three at Atsugi, Japan, and three left at Adana. 
At other times, they have operated from Alaska. New York. England. Germany. 
Pakistan, Okinawa and the Philippines. 

Lockheed also has operated some in its research work and USAF's Strategic Air 
Command and Air Research and Development Command have used them in the 
U.S. ARDC has used one in Hawaii in the Discoverer satellite program. USAF 
trains its U-2 pilots in Texas. NASA late last week had not stopped its U-2 flights. 


from off-shelf sales, $12S million. 

• Procurement generally— to reflect a 
reduction and force more economical 
procurement practices in the Defense 
Department, $400.5 million. 

• Transfers of surplus stock fund cash, 
$15.5 million. 

In reporting out changes in the De- 
fense budget. Rep. George H. Mahon 
(D.-Tex.), subcommittee chairman, said: 

“It is firmly believed that the over- 
all effect of these actions will substanti- 
ally strengthen our defense posture over 
the next few years as they become fully 
effective. 

“The additions made will unques- 
tionably add greatly to our defense. 
The reductions were made to effect 
economies wherever possible. In con- 
sidering these reductions, a majority of 
the committee felt that they would have 
no endangering effect on our over-all 
defense capability." 

The capability to maintain an air- 
borne alert within the Strategic Air 
Command will be a "very’ important cle- 
ment” of the retaliatory force, the com- 
mittee said. The additional $115 mil- 
lion, together with the S85 million 
recommended in the President’s budget, 
will make $200 million available in 
Fiscal 1961 "for application toward at- 
taining a capability of initiating and 
sustaining an airborne alert, if and when 
necessary', at very near the proportion 
of our strategic bomber forces con- 
sidered most reasonable by the Depart- 
ment of the Air Force.” 

In addition to these funds, $100 mil- 
lion has been made available through 
reprograming actions in Fiscal 1960 to 
begin preparations for an airborne alert. 
An additional diversion of about $75 
million of war reserve mobilization ma- 
terial also was proposed for the air alert 
program. The additional funds arc 
recommended exclusively for the pro- 
curement, storage and distribution of 
extra engines, spare-part stocks and sup- 
plies necessary to sustain the accelerated 
rate of aircraft operation if it should be- 
come necessary, the committee said. 

In an earlier re-evaluation of the air 
defense problem, the committee said 
the Air Force proposed to reduce previ- 
ously planned requirements for the 
Bomarc B in Fiscal 1961 from $421.5 
million to $40.4 million, a cut of $381.1 
million. After due consideration, the 
report said, a majority of the committee 
decided it was advisable to reduce the 
Bomarc program even further by elimi- 
nating all funds not firmly committed 
for the Bomarc B missile and leaving 
only sufficient funds to continue a 
limited development program. As a re- 
sult, the committee cut another S294 
million, including previously appropri- 
ated funds, making a total reduction 
from the original 1961 budget requests 
and prior years of $675.1 million. 

Although the committee recom- 


mended that the $75 million requested 
for continued development of a nuclear 
powered aircraft, it urged the Joint 
Committee on Atomic Energy to re- 
examine the program fully. 

Since the U.S. has been a leader in 
the development and use of nuclear 
propulsion for ships, the report said it 
would be "most unfortunate” if another 
nation gained supremacy in nuclear pro- 


pulsion for aircraft, particularly “in view 
of our efforts to date.” 

The report also said that many of 
the problems in defense program man- 
agement, which have taken on major 
significance in the past year or two, stem 
from the policy of controlling military 
programs by a fixed expenditure ceiling 
applied inflexibly, regardless of other 
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Space Technology 


Pioneer V Provides New Scientific Data 


By Craig Lewis 

Washington— Pioneer V is continu- 
ing to telemeter data from space as early 
studies of its broadcasts provide new 
scientific insight into the magnetic and 
radiation patterns between the earth 
and Venus orbits. 

Coupled with data from Explorer 
satellites and measurements made on 
earth and from balloons, Pioneer V 
data is providing comparisons of radia- 
tion effects near the earth and in space 
during quiet days and during periods 
of intense solar activity. Magnetometer 
data shows evidence of a steady mag- 
netic field in mace and a large, annular 
ring current flowing westward around 
the earth at a distance of about 10 earth 
radii. 

Acoustic impact detector carried by 
Pioneer V to measure collisions with 


micrometcorites has shown wide varia- 
tions in impact patterns. Discussing 
early results, from Pioneer V, Maurice 
Dubin, head of the Acronomy Section 
in the National Aeronautics and Space 
Administration's Office of Space Plight 
Programs, said that the validity of the 
data from this experiment is in serious 
question because of the probability that 
the equipment has not worked properly. 

Pioneer V will pass the 9-million-mi. 
mark late this week as it moves away 
from earth along an orbital path that 
lies between the earth and Venus orbits. 
Adolph K. Thiel, Space Technology 
Laboratories' director of experimental 
space projects, reports that telemetered 
data on payload performance indicates 
temperatures and other conditions are 
within acceptable limits. 

Ground stations have taped more 
than 100 hr. of information from the 


probe. As it has moved away from 
earth, signals from its five watt trans- 
mitter have become weaker. Although 
the receiving station at Hawaii will 
have command capability on the five 
watt unit out to 20-25 million mi, sig- 
nals received in response already are too 
weak to be usable. 

The 250 ft. Jodrell Bank radiotcle- 
scope at Manchester, England, is still 
able to receive data, but it will have to 
command a conversion to the 1 50 watt 
transmitter within a week or so when 
the probe is approximately 10 million 
mi. from earth. This also will bring the 
Hawaiian station back into the receiv- 
ing schedule. This transmitter is ex- 
pected to be still transmitting usable 
data over a 46 million mi. distance 
when the probe passes dose to the 
Venus orbit on Aug. 10. 
Hydromagnetic Ring Current 

Data from the search coil magnetom- 
eter in Pioneer V provides the first 
observation of the hydromagnetic ring 
current long described in theory by 
geophysicists. It confirms deductions 
made from Explorer VI data. This ring 
current is centered at about 10 earth 
radii and covers the area from about 
7 to 1 3 earth radii— outside the two Van 
Allen radiation belts. Total current 
flowing westward in this annular ring 
is estimated at 5 million amperes. 

Magnetometer data also indicates 
that, at least at times, the earth’s mag- 
netic field extends out as far as 14 
earth radii. This is considerably farther 
than the six-eight earth radii generally 
assumed for the field. 

In interplanetary' space, Pioneer V 
has produced evidence of a steady field 
that makes a large angle with the plane 
of the earth’s orbit. Disturbances in 
this quiet-dav pattern are being corre- 
lated with cosmic ray experiments, par- 
ticularly those conducted during solar 
storms, to determine their relationship. 

Dr. Charles P. Sonett, director of 
the Space Physics Section in STL's Re- 
search and Development Division, said 
the evidence "is strong enough to ques- 
tion whether magnetic storms on the 
earth, the classical type of magnetic 
storm, occurs in exactly the manner that 
theory has indicated for years.” 

Solar Flare Study 

Series of solar flares that began late 
in March has permitted comparison of 
effects in space with those near the 
earth. According to Dr. John A. Simp- 
son of the University of Chicago, a large 
flare apparently launched a burst of 
plasma toward the earth on Mar. 30 
which reached Pioneer V and the earth 
early the following day. This produced 



wing a trajectory that will cany it 
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a typical magnetic storm. The Univer- 
sity of Chicago instrument package in 
the probe, which measures protons with 
energies higher than 75 mev and elec- 
trons with energies higher than 1 3 mev, 
recorded a sharp decrease in galactic 
cosmic ray intensity, known as the For- 
bush decrease. 


Compariso 


Cited 

i of Explorer VI and Pio- 


results with measurements 
taken on earth proved that this decrease 
docs not depend upon the existence of 
the earth's electromagnetic system, ac- 
cording to Dr. Simpson. He said this 
data ", . . tells us directly that we are 
here dealing with a plasma ejection 
from the sun. It provides us with some 
of the strongest experimental evidence 
we have to date for the existence of this 
type of mechanism." 

Another large solar flare occurred on 
Apr. 1, and solar protons arrived in the 
vicinity of Pioneer V and the earth 
about 20 min. later. At the same time, 
there was evidence that electrons also 
arrived, providing the first evidence that 
electrons from the sun travel to earth 
fairly' quickly. Simpson said this elec- 
tron emission indicates that the sun 
accelerates electrons "because we sec 
the direct effect of the accelerated elec- 
trons.” 

Radiation Measured 

Ionization chamber and Geiger- 
Muller tube designed for Pioneer V by 
the University of Minnesota School of 
Physics, like the Chicago experiment, 
was similar to equipment carried in Ex- 
plorer VI. Minnesota experiment is 
sensitive to lower energies than the 
Chicago equipment. Early- in the flight, 
the Minnesota instruments measured 
radiation in the Van Allen belts, then 
intensity dropped off substantially to 
the level of galactic cosmic radiation in 
space. This level continued fairly steady 
until the period of solar activity. 

Solar-produced particles were re- 


corded in a pattern which correlated 
with solar cosmic ray measurements 
made at the same time from balloons. 
A fourth type of radiation was detected 
which was identified as X-rays produced 
bv electrons bombarding the payload. 

Dr. John Winckler of the University 
of Minnesota pointed out that radiation 
present in space during periods of high 
solar activity might produce a biological 
hazard. He said the intensity inferred 
is in the range of five to 50 roentgens 
per hour, an estimate based on an in- 
tense solar event studied last July. 
Radiation Count 

Comparing Pioneer V experience with 
data from Explorer VII. Dr. Brian 
O'Brien of the State University of Iowa, 
said a fairly lightly-shielded Geiger 
counter in the satellite was counting at 
the rate of about 200 counts per second 
in the outer Van Allen belt during the 


two weeks preceding Mar. 31. During 
the magnetic storm that day, the count- 
ing rate dropped to 10 per sec. and 
stayed low for several hours. Then, the 
rate built up to 10,000 per sec. over 
the following week before it began to 

A similar counter with a slightly lower 
energy sensitivity in Pioneer V re- 
corded some small fluctuations of simi- 
lar electrons in space, and Dr. O’Brien 
conjectured that Pioneer V detected 
the incoming plasma cloud, but with 
very low efficiency. He suggested that, 
when part of this plasma entered the 
earth's magnetic field, the field was 
disrupted and dumped trapped radia- 
tion, lowering the counting rate. Then, 
it is assumed that the sharp increase in 
the counting rate was produced by some 
process of acceleration of the trapped 
particles from the plasma within the 
Van Allen belt which increased their 
energy enough to make them detectable. 
Outer Radiation Belt 

This conjecture leads to the conclu- 
sion that the earth's outer radiation belt 
is not produced by injection of particles 
from the sun itself, but by some local 
process of acceleration after the material 
is trapped in the magnetic field. 

Explorer VII measured solar proton 
counting rates as much as 30 times the 
normal cosmic ray rate in the highest 
(attitudes covered by the satellite on 
Apr. 1 when these protons were being 
measured by Pioneer V. Explorer VII 
also detected the Forbush decrease in 
galactic cosmic rays recorded by Pioneer 
on Mar. 31. These cosmic rays can be 
measured only when the trapped radia- 

that time. 


Fairchild-Umbaugli U-18 Nears Flight 

:hild Engine & Airplane 
li Aircraft CJorp. may make its first flight this 

lining four prototypes arc expected to be completed 1-1 i months 
i tooling will he about S0C,- complete when the first prototype is rolled 


signed in Dcccm- 


s signed in August (AW Aug. 24. p. 133) bv both Umbaug 
ction of 10.000 U-18s. 

iductiou depends on how the certification program turns 


prototype which has not been certificated. This 
Landers said, but specifications for the U-18s Fai 
call for practically no takeoff roll. 


AVIATION 


9, 1960 





Army Changes Nike Zeus Configuration 


By Michael Yaffce 

Ft. Bcnning, Ga.— Army's Nike Zeus 
anti-missile missile has shed the exag- 
gerated forward fins that gave it an 
arrowhead shape and replaced them 
with two sets of smaller fins, one a 
canard set, the other at the back of the 
sustainer motor. 

This new configuration is believed 
to be the final one for the Zeus. De- 
fense Department still has not given 
the go-ahead on production of the mis- 
sile, which recently completed success- 
ful propulsion and airframe tests at 
White Sands, N. M., missile range. 

At the same time. Army and industry 
arc conducting preproduction planning 
programs on the Zeus so that produc- 
tion of tactical systems can begin as 


soon as authorized. High-ranking Pen- 
tagon officers and aviation industry offi- 
cials (other than Zeus contractors). 
Aviation Week has learned, now be- 
lieve the Nike Zeus could be opera- 
tional in two years, not five to six years 
as estimated earlier. 

Wooden mockup of the Zeus in its 
new configuration was publicly dis- 
played here along with other new Army 
weapons— some still in the development 
stage— during Army's three day Project 
MAN (Modern Army Needs) confer- 
ence which was attended by more than 
600 top industry and military leaders, 
congressmen and representatives of the 
press. President Eisenhower, Secretary 
of Defense Thomas Gates, Jr., and Sec- 
retary of the Annv Wilber Bntckcr 


Project MAN, in static displays and 
live firings and assaults, demonstrated 
Army's latest capabilities in firepower, 
mobility and communication. The 
"needs,” shown more by implication 
than bv exposition, are for greater 
capabilities m these three areas than 

Two needs about which Army talked 
little or not at all during the confer- 
ence were nuclear protection and target 
acquisition. Both these areas arc crit- 
ical, a high Army officer told Aviation 
Week, particularly the ability to keep 
the lethal neutrons from a nuclear war- 
head from penetrating weapons such as 
tanks and personnel carriers. 

Economy Stressed 

Another important need— that for 
economy in weapon system develop- 
ment and procurement— was stressed by 
Brucker. He called upon industry to 
display greater initiative in drawing 
upon its own resources for the develop- 
ment of new ideas in weaponry and 
equipment. The Army docs not have 
the money to procure everything that 
might be "nice to have," lie said. In- 
dustry' must not allow the desire for 
profits to assume greater influence in 
its plans and activities than the desire 
to serve the nation faithfully and well, 
the secretary added. 

On the other side of the ledger, one 
Pentagon officer pointed out, the 
United States may be overplaying its 
work on the development of counter- 
countermeasures for nuclear-tipped bal- 
listic missiles— that is, on the develop- 
ment of arming, safing and fuzing 
mechanisms that cannot be prematurely 
tripped by the enemy. This is a prob- 
lem the enemy should be most worried 

High points of the displays here, be- 
sides the Zeus, were the Pershing mis- 
sile and the Daw Crockett weapon 
system. For the first time, the Army 



AVIATION WEEK, 


9, 1960 


put its new Pershing transporter-erec- 
tor-humcher, manufactured by Thomp- 
son Ramo Wooldridge Corp., on public 
display. Still new enough to be manned 
by contractor personnel (most of the 
weapons were handled by soldiers), the 
Pershing transporter is a small tracked 

For erection of the Pershing, a small 
circular base plate is first placed Oil the 
ground. Three stabilizing jacks on the 
small missile launching stand arc low- 
ered and set into the plate, and the 
missile is raised to 5 deg, of the vertical. 
At this point, a small motor takes over 
and elevates the missile to the vertical 
slowly to prevent oscillations. The 
three jacks automatically level the small 
launcher base for the Pershing. 

An electric interlock system pre- 
vents the missile from being erected 
until the base is perfectly level. The 
entire operation is less complex than 
that for the Army’s new Sergeant mis- 
sile and there was some speculation here 
that the Pershing will eventually replace 
the Sergeant, which now has the advan- 
tage of being ready for use while the 
Pershing is still in development. 

While the Army is pleased with the 
Pershing. Lt. Gen. Arthur Trudeau, 
chief or Annv Research and Develop- 
ment. pointed out that Armv has no 
weapon to cover ranges beyond that 
of the Pershing (estimated range is 20 
to 4 SO mi.). The Russians, lie said, 
have an entire family of weapons. The 
Army would prefer the same thing, and 


Soviet Missile Show 

Moscow— Soviet armed forces showed 
little new last week in the missile sec- 
tion of a May Day parade that concen- 
trated heavily on peace and economic 
growth. 

Missiles in the parade included a short- 
range artillery rocket with a bulbous 
nose mounted on an amphibious tracked 
chassis which was seen in a November, 
1957, parade and another mobile artil- 
lery rocket which apparently is a new. 

viously (AW Nov. 18. 1957. p. 26). A 
relatively short-range rocket mounted on 
a tank chassis also had been seen in 
1957. 

Surface-to-air missile vvas shown which 
has been designated Guideline by North 
Atlantic Treaty Organization. This anti- 
aircraft missile had been shown earlier, 
as had a medium ranee ballistic missile, 
probably similar to the Annv-Chrysler 
Redstone. 

Radio Moscow reported that each of 
the ballistic missiles in the parade re- 
quires at least two railway flatcars for 
rail transportation and that they arc 
"ca|xible of pinpointing targets with pin- 
point precision under any weather condi- 


toward this end. it is pushing its A. B 
and C weapon concept for a family of 
missiles which will have complementary 

Davy Crockett low yield nuclear 
weapon system for use at close range 
was shown without its warhead, in a 
light, man-portable and heavy jeep- 
mounted version. Developed by Army 
Ordnance Corps, the Davy Crockett 
can fire conventional as well as nuclear 
warheads. It now is under test at Aber- 
deen Proving Ground. The shoulder- 
fired Redeye anti-aircraft missile vvas 
also displayed. Manufactured by Con- 
vair Division of General Dynamics the 
missile is about 4 ft. long, approxi- 
mately 4 in. in diameter and weighs 
about 20 lb. Launcher tube for the 
Redeye also serves as its shipping con- 

Tvvo other missiles, the wire-con- 
trolled Nord SS-10 and SS-11 anti-tank 
missiles were shown in live firings. The 
SS-10 is a two-stage solid propellant 
missile with a range of 4S0 to 1.700 yd. 
It carries a 105 mm. warhead and is 
fired in a cluster of three from the back 
of a one-quarter-ton truck (a modified 
jeep). It has been accepted by U.S. 

The somewhat larger SS-1 1 is still 
under test, lt has an effective range of 
from 530 to 3,700 yd. In the dem- 
onstration here it vvas fired from a Bell 
I1U-1A helicopter on the ground, hover- 
ing and in flight. Both the SS-10 and 
SS-11 (in all three firings) scored direct 
hits. 

In other demonstrations, the Army- 
fired Little John and Honest John 
rockets, flew some of its reconnaissance 
drones, and showed off its various heli- 
copters in a wide variety of applications. 

One of the more interesting uses of 
the helicopters vvas made by an Annv 
experimental unit, the aerial reconnais- 
sance and security company. Initial 
mission of this group is to obtain infor- 
mation on enemy locations. A tvvo- 
lichcoptcr scout team using Bell H-13 
helicopters, flying low and following the 
terrain for maximum protection, moved 
in to draw enemy fire. Once they drcvv 
fire, the scouts dropped low behind a 

E irotective hill and then rose alternately , 
ike two jack-in-the-boxes, to suppress 
enemy fire with two 38-cal. machine 
guns mounted on the H-13 and to 
make observations. 

They then withdrew to a covered po- 
sition and reported to the platoon 
leader. Later, six scout H-13 helicop- 
ters were used to cover the landing, 
operation and withdrawal of a rifle 
squad carrying out ground reconnais- 

Thc rifle squad vvas brought in and 
taken out by a Sikorsky H-34 trans- 
port helicopter which vvas also armed 
and vvas used as an additional source 
of covering firing for the rifle squad. 



PERSHING transportcr-crector-launchcr is 
built by Thompson Ramo Wooldridge. En- 
tire launching operation is less complex than 
for Sergeant missile. 


UAC Shifts Space 

United Aircraft Corp. has abolished 
its two-vear-old Missile and Space Divi- 
sion and distributed its personnel and 
functions among other operating divi- 

Bulk of the former Missile and Space 
Division personnel and its two study 
contracts will be shifted to the Hamil- 
ton Standard Division headed by Charles 
M. Kearns. Jr., who also was elected to 
a corporate vice president. 

Wright Parkins, former general man- 
ager of the Missiles and Space Division, 
relinquishes that assignment and wall 
continue as UAC vice president for en- 
gineering. Two other division contracts 
for Talos missile fins have been trans- 
ferred to the Sikorsky Aircraft Division. 
Total of 190 Missile and Space Division 
employes will be reassigned to other 
UAC divisions. 
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Manned Aircraft Need to Continue 
Into 1970s for Army and Navy 


Los Angeles— U. S. Army and Navy 
envisage requirements for large num- 
bers of manned aircraft through the 
1970s because both services feel that 

C ossibility of all-out nuclear warfare is 
ighly unlikely. 

High-ranking Army and Nary offi- 
cials told Aviation Writers Assn, mem- 
bers assembled here for their annual 

• U. S. Anny has programed a fleet 
of over 8,000 new aircraft of seven dif- 
ferent types by 1970, compared with 
current "inventory of some 5.500 air- 
craft of 1 5 different models. 

• U. S. Navy desires to maintain a level 
of approximately 7,200 aircraft, al- 
though in recent years budget limita- 
tions have permitted buying only ap- 
proximately half of the 1,200 new 
aircraft it feels it needs to maintain this 

Army is instituting strict controls on 
future procurement to reduce the num- 
ber of types, while at the same time 
increasing its inventory to reduce logis- 
tics problems of air mobility, which 
also embraces ensuring that all new 
aircraft arc designed for very low main- 
tenance requirements, according to Lt. 
Gen. John C. Oakes, deputy chief of 
staff, military operations. 

Army’s forecast inventory for the 
period ahead, by type and number, in- 
cludes the following aircraft: 

• Approximately 3,500 new light ob- 
servation helicopters, turbine-powered, 
to replace the Cessna L-19, Bell H-13 
and Hiller H-23, and perform all stand- 
ard observation, command and liaison 
missions for the lower units. By reduc- 
ing the number of types from three to 


one, Annv feels it will be making a 
significant gain in logistics simplifica- 
tion. New helicopter will be subject 
of an Anny design competition later 
this year and two of these designs will 
be built for testing, with target date of 
1964 considered for quantity produc- 
tion. Helicopter will be a high-density 
type and should be of relatively low- 
cost since this will be one of the first 
times that Army is procuring this type 
of item in sufficient quantity to achieve 
true assemblv line procedures. 

• More than 2,500 Bell HU-1A and 
IIU-IB Iroquois turbine-powered utility 
and tactical transport helicopters are 
scheduled to replace the de Havilland 
L-20A Beaver, Sikorsky H-19 and H-34 
and the Vertol H-21. The HU-1B. fea- 
turing wide-chord rotor blades, will have 
capability of carrying 10 soldiers. Each 
future Army division will have the 
capability of airlifting at least one in- 
fantry company with its organic aircraft, 
which will also provide essential battle- 
field evacuation. 

• Some 250 Grumman AO-1 Mohawks 
currently are programed by Armv by 
1965. This twin-turboprop short takeoff 
and landing aircraft for the first time 
will give Army a limited penetration 
capability with a good chance for sur- 
vival because of its light armor protec- 
tion and self-sealing fuel tanks. Mo- 
hawk, in conjunction with a family of 
three drones, should greatly extend 
Army’s surveillance capability and indi- 
cate," through actual field testing, what 
further systems arc needed to bring 
Army’s target acquisition capability up 
to its firepower strength. 

• More than 300 dc Havilland twin- 



engine Caribous and a similar number 
of Vertol HC-1B Chinook helicopters 
are in current procurement objectives. 
Army is studying another transport re- 
quirement for loads in excess of the 
Caribou’s and Chinook’s ‘‘payload’’ ca- 
pabilities and expects to define this 
new need in the next year. 

More exotic concepts in VTOL, such 
as ducted fans, convcrtiplanes, boundary 
layer jets, tilting rotors and tilting 
wings, have been considered as too im- 
mature to permit purchase at this time 
in sufficient quantity to meet the Army 
requirement under current budget limi- 
tations. and it was the consensus of the 
Army and technical agencies outside 
the scnice that only the helicopter 
could meet the entire light observation 
requirement in this time frame. Army 

gram in V/STOL aircraft to determine 
which year it will appear feasible to 
move into a specific development pro- 
gram, Gen. Oakes stated. 

Vice Adm. Robert B. Pirie, deputy 
chief of naval operations (air), stated 
that he could not visualize any aspect 
of naval operations, except Polaris sub- 
marine employment, which would not 
depend heavily on manned aircraft, 
whether conventional or nuclear weap- 
ons were utilized. 

Carrier attack strike forces main- 
tained both conventional and nuclear 
attack capabilities; each of the Navy’s 
14 operational attack carriers can. in an 
initial strike, deliver 45 to 60 nuclear 
weapons on target, plus hundreds of 

Anti-submarine warfare forces also 
arc built around manned aircraft, he 
said, their importance ever-increasing. 


Soviet Bombers Reeonnoiter Japan 

Tokyo— Russian jet bombers are making regular flights around perimeter of the 
Japanese islands for photo and electronic reconnaissance. Japanese Self Defense 
Agency sources confirmed that Japanese radars have picked up the Soviet bombers 
on a biweekly basis recently in formations of two or three planes. Japanese F-86D 

reach the bombers' altitude. ** B 

Radar plots indicate the Russian bombers approach the northern Japanese Island 
of Hokkaido and then proceed down the Pacific coastline as far south os Tokyo Bay 
before turning back. They fly just outside Japanese territorial waters. Japanese 

bases deep in Siberia and arc equipped with auxiliary fuel tanks. No specific type 
type. 

when single planes flew south along the Hokkaido coast to the tip of the main island 
of Honshu before turning back. Formation flights making the deeper penetrations 

confirmed the Japanese report. 
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C-135, C-130B Asked for MATS 


Washington— A S386 million, three- 
year program to provide Military' Air 
Transport Service with an interim fleet 
of turbine-powered transports and to be- 
gin development of a new military' cargo 
transport has been recommended by the 
special airlift subcommittee of" the 
House Armed Services Committee. 

This program rvas presented by L. 
Mendel Rivers (D.-S. C.), chairman of 
the military subcommittee of the House 
Appropriations Committee, and en- 
dorsed by that group in recommending 
a S250 million increase in the Fiscal 
1961 budget for initial procurement of 
the interim transports (see p. 30). 

The program recommended: 

• Procurement of 50 Boeing C-135 jet 
cargo transports at a total cost of SI 69 
million and a unit cost, including spares 
and ground support equipment, of 
$3,390,000 each. Of this total, SI 24 
million would be added to the Fiscal 
1961 budget with an additional S45 mil- 
lion in nerv obligational authority pro- 
gramed for the Fiscal 1962 budget. 
Expenditures for this project rvould re- 
quire SI 5 million in Fiscal 1961; S56 
million in 1962; S62 million in 1965 
and the final increment of S36.5 million 
beyond Fiscal 1963. 

• Procurement of 50 Lockheed C-l 30B 
turboprop transports at a total cost of 
S167.6 million and a unit cost of 53.35 
million, including spares and ground 
support equipment. Of this total, 
SI 10.6 million rvould be spent in Fiscal 
1961 and S57 million in 1962. 

Rivers said the C-l 3 5 would scree as 
a strategic support transport for military 
cargo requirements and the "Strategic 
Air Command post-strike recovery mis- 
sion” rvhile the C-130B with extended 
range rvould provide some strategic ca- 
pability as a C-l 24 replacement and also 
meet the Army’s tactical airlift require- 
ments. Rivers said the improved 
C-130B version could carry a 12-ton 
payload 4,000 naut. mi. at a cruising 
speed of 300 kt. With approval by July, 
the first C-l 30B for this mission could 
be delivered a year later, rvith the first 
fully operational squadron available bv 
January, 1962. 

Onlv minimum modifications rvould 
be made in the basic Boeing KC-1 3 5 jet 
tanker now in production at Boeing's 
Renton plant for the C-135 MATS 
transport. Rivers said. In explaining 
why his group had recommended the 
C-135 as an interim transport he said: 

“We have considered every other pos- 
sible aircraft and the one that looked 
to be the closest competitor rvas the 
Douglas DC-S rvith a turbofan engine, 
swing tail and extended range. As at- 
tractive as this airplane looks, and it 
would admittedly have some superiori- 
ties over the C-135, it would cost con- 


siderably more money, and the first 
operational squadron rvould not be 
available until approximately 1 1 months 
after the first operational squadron of 
the C-135. In addition, I have the basic 
fear that, if the DC-8 should be se- 
lected, that the development of the 
nerv uncompromised strategic aircraft 
rvould die right where it is. That simply 
must not happen.” 

Rivers cited an additional cost of 
5400,000 per plane to use turbofan en- 
gines instead of the regular Pratt & 
Whitney J57 turbojet engines on the 
C-135 and a price of SI million more 
per plane if a swing tail were incorpo- 
rated. He said both the C-135 and 
C-130B programs were designed to fill 
a MATS gap that will result from the 
current Douglas C-l 24 fleet beginning 
to phase out of the inventory' by the 
end of 1964. 

He said the development of the new 
transport design to meet MATS’ Stra- 
tegic Operational Requirement could 
not possibly produce the first opera- 
tional squadron before January, 1964, 
and more likely rvould not be available 
until as late as the spring of 1965. 

Rivers noted that the S50 million al- 
ready in the Fiscal 1961 budget for in- 
itial development of the SOR transport 
had received complete support from 
every branch of the government con- 
cerned and should be retained in the 
budget “regardless of any other consid- 

"It has top priority' in our thinking,” 
he said. "The decision to move or not 
move on this will govern our future 
strategic airlift capability in the civil 
industry as well as the military.” 

NASA Budget Boosted 
By Senate Group 

Washington — Senate Aeronautical 
and Space Sciences Committee has au- 
thorized an extra S50 million in emer- 
gency research and development funds 
for National Aeronautics and Space Ad- 
ministration's Fiscal 1961 budget be- 
cause, it said, “it is apparent from 
NASA testimony that little or no pro- 
vision has been made in the 1961 esti- 
mates for contingencies, cost increases, 
or unplanned program modifications.” 

lire committee said the experience 
with Project Mercury— which now is es- 
timated to cost $344,500,000 instead of 
the 5200,000,000 estimated a year ago 
—“clearly demonstrates the great ex- 
pense involved in making necessary 
changes to assure safety’ of personnel 
and system reliability’.” 

The extra funds bring the total NASA 
budget authorized by the committee to 
$970 million. The’ committee devel- 


oped testimony that NASA’s detailed 
budget estimates, "submitted after six 
months of continuing review in the 
field and at NASA headquarters, totaled 
S1.04S.300, 000.” 

Administrator T. Keith Glcnnan told 
the committee he suggested S75 million 
of the SI 33 million cut from these re- 
quests, and that the Bureau of the 
Budget cut the remainder. 

“It is clear . . . that no formal, writ- 
ten budget ceiling rvas established (for 
NASA)." the committee said. “It is not 
clear, however, whether the NASA pro- 
grams and budget for Fiscal 1961 were 
considered on the basis of national 
needs, without reference to a precon- 
ceived dollar level." 

In reporting favorably to the full Sen- 
ate on the NASA authorization bill al- 
ready passed by the House, the commit- 
tee deleted a proposed increase of 30 
"excepted” jobs, which would pav from 
SI 4,000 to S21.000 annually, it said 
NASA's reasons for the request were 
valid but that action should be deferred 
until the Senate Post Office and Civil 
Service Committee holds an investiga- 
tion aimed at adjusting all government 

News Digest 


German Defense Ministry has placed 
a development order for a jet power- 
plant of up to 4,400 lb. thrust with 
Man-Turbomotoren GmbH., Munich. 
Propulsion unit is for VTOL aircraft 
which may be jointly developed by 
German. French and British industry. 

Rear Adm. Daniel F. Smith, Jr., a 
naval aviator and now assistant chief 
of naval operations for fleet operations, 
will succeed Rear Adm. Charles C. 
Kirkpatrick in late July or early August 
as the Navy’s chief of information. 
Adm. Kirkpatrick, chief of information 
since December, 1957, will become 
commander of Amphibious Group One 
based at Coronado, Calif. 

French government is expected to 
announce shortly its approval of the 
acquisition by Air France of six addi- 
tional Sud Caravelle jet transports and 
three more Boeing 707 Intercontinen- 
tal jets. The French carrier currently 
has 24 Caravelles and 17 Boeings on 
order, all of which arc scheduled for 
delivery before the end of this year. 

Convair’s 880 jet transport rvas ap- 
proved by FAA for commercial airlines 
operation last week. Delta Airlines will 
schedule the jet between Nerv York-At- 
lanta on May 16. 

Indian government has ordered 15 
French Breguct Alize anti-submarine 
warfare aircraft. 
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Airlines Seek Turbine Overhaul Accord 


Compromise sought in FAA formula hinging author- 
ized overhaul times to absolute engine failure rate. 

By David H. Hoffman 

Powerplant engineers of U. S. airlines and the Federal Aviation Agency this 
week are preparing for a second conference aimed at reaching agreement on 
how the timespan between turbine engine overhauls should best be extended. 

At issue is an FAA formula that would hinge authorized time between over- 
haul (TBO) for an airline on the absolute engine failure rate it experienced 
during any consecutive three months of operation (AW May 2, p. 45). 


Only by resorting to this formula can 
the carriers increase their turbojet 
I'BOs. Late last month, the representa- 
tives of about 10 airlines met with the 
I AA in Washington. D. C.. in an un- 
successful effort to draft a compromise 
plan that would be tried on a test basis 
for six months. 

In essence, the disputed FAA formula 
states that air carriers operating turbine 
engines at or above their basic overhaul 
time limitations (1,000 to 1,200 hr. - , 

• Increase overhaul times bv 200 hr. on 
the engine and 500 hr. on the essential 
engine accessories if recorded engine 
failure rate has been less than one per 

10,000 engine hours. 

• Increase overhaul times by 100 hr. on 
the engine and 250 hr. on the essential 
engine accessories if recorded engine 
failure rate has been greater than one 
but not greater than 1.5 per 10,000 en- 
gine hours. In this instance the carrier 
must disassemble a specified number 
of engines and present them to the 
FAA for inspection to qualify for TBO 
extension. 

• Keep current TBOs if engine failure 
rate has been greater than 1.5 per 10.- 
000 engine hours. 

Should failure rates rise above two per 

10,000 engine hours during any single 
month, however, the carriers must re- 
duce engine TBOs bv 1 00 hr. and acces- 
sory TBOs by 250 hr. after a two month 
"notification period." I'BOs need not 
be reduced if, during this period, the 
carrier’s failure rate drops to less than 
two per 10,000 engine hours. Engine 
failure, as defined by the FAA. means 
any loss of thrust or inability to control 
power or thrust while an aircraft is air- 

Rather than grant FAA s formula in- 
formal recognition by using it. all U.S. 
operators of Douglas DC-S and Boeing 
707 series aircraft have elected to keep 
current TBOs on their Pratt & Whit- 
ney JT5 and JT4 turbojets. 

Top engineers with American Air- 


lines, Pan American World Airways, 
Trans World Airlines, Eastern Air Lines 
and United Air Lines— the five largest 
U. S. trunklines— told Aviation Week 
that their objections to FAA's approach 
centered on these three points: 

• Reliability of an engine cannot be 
controlled solely by shortening its tune 

• Statistical sampling of engines is not 
sufficiently broad to guarantee carriers 
with the same annual failure rates the 
same annual TBO increase or decrease. 

• Formula fails to consider that differ- 
ent engines will have different failure 
rates throughout their operational life. 

FAA officials, on the other hand, be- 
lieve that there is a direct cause and 
effect relationship between overhaul 
time and engine reliability. In discus- 


Electra Crash Study 

Burbank— No single cause for the Flcc- 
tra crash at Tell City. Ind*. has been 
isolated, but there are two or three prob- 
abilities which are “combinations of 
unusual forces and pressures on the 
powerplant and surrounding structures." 
Board Chairman Robert E. Cross told 
Ixickhecd Aircraft Corp. stockholders at 
the annual meeting last week. 

“Wc believe," Gross said, “the prob- 

eharacteristic or condition not encoun- 
tered or disclosed bv exhaustive develop- 
ment, analyses and tests required by 
the govern incut or by Lockheed. We 
believe clear air turbulence is involved. 

“Wc believe that in a week or so we 
will have reached a conclusion in our 
own minds." Gross said, "and in a cou- 
ple more weeks, wc will know what fixes 
will be required." 

The current Lockheed tests being con- 
ducted will cost the company approxi- 
mately 52.5 million. Gross said, but only 
after analysis can the company reason- 
ably estimate the total costs of the fixes. 


sions with industry representatives they 
cite the experience of Capital Airlines 
which last year advanced TBOs on its 
Rolls-Royce Dart turboprop engines an 
average of 200 hr, per calendar quarter 
under a similar formula applicable only 
to turboprops. At the same time, FA,\ 
maintains. Capital's engine failure rate 
decreased sharply. 

Ultimately. FAA is planning regula- 
tion status for its formula approach to 
TBO extension. Despite industry pro- 
tests. it is determined to draft a work- 
able formula that probahlv will be pub- 
lished under Parts 40 and 41 of the 
Civil Aeronautics Manuals. 

Agreeing that a more precise means 
of advancing TBOs is desirable, the car- 
riers feel that if a formula is to reflect 
accurately the effect of overhaul on re- 
liability. it must accord more weight to 
engine failures occurring near the end 
of the engine's TBO. especially during 
the last 500 hr. 

Consequently they arc recommend- 
ing a formula that would plot the num- 
ber of failures taking place during each 
100 hr, increment of the engine's over- 
haul life. Such a formula would con- 
sider when the failure took place as well 
as changes in the rate of failures experi- 
enced with a particular engine. 

To illustrate how the FAA formula 
might work in practice, several of the 
carriers queried by Aviation Week 
posed this hypothetical situation: An 
airline with a fleet of 20 four-engine jet 
transports utilizing 250 hr. each month 
would log 60.000 engine hours in a cal- 
endar quarter. If such a carrier experi- 
enced nine engine failures during the 
three month period, it would become 
eligible fora 100 hr. TBO increase. But 
should the carrier record more than 1 2 
failures in the quarter, it probably 
would he forced to move TBOs back- 
ward by 100 hr. 

Operators of large jet fleets feel that 
the in-flight failure of three engines in 
three months should not play such a 
decisive role in determining authorized 
overhaul times. These trunklines argue 
that the timing of engine failures within 
a large fleet, of critical importance un- 
der the formula, often can be attributed 
to coincidence. A carrier fortunate 
enough to have them occur at an even 
rate of one a month, however, would be 
rewarded by the FAA with TBO incre- 
ments, the industry explains. 

In Pan American's opinion, reliability 
of an engine as a complex whole is the 
result of shop practices, company tol- 
erances on parts, modifications carried 
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Capital Employe Unit Organizes, 
Plans Fight lo Control Airline 


out on components and the airline’s in- 
dividual operating limitations. 

Tho carriers' key incentives to im- 
prove reliability. Pan American says, 
come from two sources— the company’s 
reputation for safety in the air and its 
desire to keep costly jets airborne— and 
not from the threat of TBO cutbacks. 

The economic value of a TBO in- 
crease lends significance to the current 
FAA-airlinc argument. The carrier with 
a fleet of 20 Boeing 707-1 20s each being 
utilized 8 hr. per day, for example, 
would save upward of $200,000 in an- 
nual overhaul costs if awarded a 1 00 hr. 
overhaul extension by the FAA. 

Pratt & Wliitnev, which has sent a 
representative to die first FAA-airline 
conference in Washington, favors a 
streamlined procedure that would enable 
airline users of its JT3 and JT4 turbo- 
jets to advance TBOs more rapidly. 

It feels that failure rates-one in 25.- 
000 engine hours for the JT3 and one m 
17,800 engine hours for the JT4— are 
sufficiently low to justifv a more rapid 
approach to the problem, especially 
since the turbojets now have logged over 

660,000 hr. in commercial service. 

Specifically, the FAA formula is con- 
tained in the agency’s “turbine engine 
time control program,” which was pre- 
sented to the air carrier industry late 
last fall. Under its tenns, turbine-pow- 
ered engines are divided into two cate- 
gories: new model engines and substan- 
tial experience engines. 

New model engines are taken up to 
their basic overhaul time limitation 
through a series of FAA sampling in- 
spections of a specified number of pow- 
crplants disassembled by the air car- 
rier. When basic overhaul time is 
achieved, usually after 200 to 300 hr. of 
sendee, the performance level formula 
comes into plav and governs subsequent 
TBO increases. 

The number of engines to be disas- 
sembled for inspection ranges from one, 
for airlines owning less than four oper- 
ating engines, to six for airlines owning 
more than 101 operating engines. All 
substantial experience engines presented 
for these inspections must have been 
operated up to within 25 hr. of the car- 
rier’s currently authorized overhaul time 
limitation. 

The FAA lists the following as sub- 
stantial-experience turbine engines: 
Engine Basic Overhaul 

Make/Model Time Limitation 

Allison 501-D13 1,000 hr. 

Rolls-Rovcc Dart 510 1,200 hr. 

Rolls-Rovcc Dart 511 1.200 hr. 

Rolls-Rovcc Dart 525 1,200 hr. 

Rolls-Rovee Dart 528 1,000 hr. 

Pratt & Whitney JT3C-6 1 ,000 hr. 

In determining their performance 
level ratios, the FAA would allow the 
carriers to exempt engine failures caused 
by foreign object ingestion (not the re- 
sult of maintenance personnel errors). 


By L. L. Doty 

Washington— In a major proxy battle 
virtually unprecedented in U.S. corpo- 
rate history, the majority of Capital 
Airlines’ employes had landed together 
as of late last week to fight for control 
of the company by overthrowing the 
present board of directors and at least 
part of management within the next 
60 days. 

The move, which began nine months 
ago but gained its first impressive mo- 
mentum just last week, is aimed at 
mustering sufficient strength, through a 
nation-wide proxv solicitation, to oust 
the company's hoard and replace it 
with a slate of directors of the employes’ 
choice. Each member of the move- 
ment, organized as a group known as 
the Capital Shareholders Assn., has pur- 
chased at least one share of Capital 
common stock. They now constitute an 
estimated 75% of the 7,500 personnel. 

Meanwhile, management— staggered 
by another substantial loss in April and 
mounting criticism from the Civil 
Aeronautics Board and regular stock- 
holders— was still waiting for an invita- 
tion from the company's British credi- 
tors for another chance to negotiate 
some solution to Capital's fiscal plight 
(AW May 2, p. 40). 

Vickers-Annstrongs, British manufac- 
turer of the Viscount turboprop trans- 
port and trustee for holders of chattel 
mortgage notes on the 60 Viscounts 
purchased by Capital, had filed a peti- 
tion with a New York district court to 
foreclose on the equipment and appoint 
a receiver to take over the property 
(AW Apr. 18, p. 40). As of late last 
week, there were no overt signs that 
the British were ready to lift the fore- 
closure or extend today’s deadline date 
when Capital must appear in court to 
answer its creditors’ complaints. 
Subsidy Bid Status 

Capital's two requests for emergency 
subsidy totaling close to SI 3 million 
have been denied by the Civil Aero- 
nautics Board. In addition, the Board 
has ordered a major investigation of 
tho debt-ridden airline to determine 
whether tho company should be allowed 
to stay m business as a trunkline. And, 
last week, it cracked down on Hie car- 
rier for failure to provide adequate 
service on cast-west routes serving two 
Michigan cities. 

Thus, the airline has reached an im- 
passe that could force it into bank- 
ruptcy. Fortunately, the company’s 
shaky cash position' has been slightly 
strengthened by a recent upswing in 


passenger traffic, but this reverse trend 
falls short of the upward traffic climb 
normally experienced at this time of 
the year. As a result, the airline is 
meeting current operating expenses, but 
other creditors are now beginning to 
press for some action. 

Management has been in continuous 
contact with Vickers-Armstrongs' U.S. 
lawyers and financial advisers in New 
York in its drive to get together with 
officials of the British manufacturer. At 
the same time, heads of unions repre- 
sentating Capital employes visited the 
same lawyers last week in hopes of de- 
termining future course of events so 
that a plan of labor action can be 
mapped out. The Shareholders Assn, 
has made no contact as yet. 

It is expected that Vickers’ lawyers 
will request a summary judgment today 
which will allow Capital another 1 5 
days in which to answer this complaint. 
The 15-dav interim period is believed 
by Charles E. Beatley, Jr., head of the 
employe group, to be sufficient time in 
which to present to Vickers a full plan 
to put the company back on its feet. 
Employe Plan 

Here are the essential features of the 
Capital Shareholders Assn, program: 

• Meet with the British interests and 
propose a plan for repayment of the 
debt and to ask for a deferral of fore- 
closure action. 

• Begin a proxy solicitation that would 
enable the group to replace the present 
board with new directors. The group 
will employ professional solicitors for 
some solicitation but, in large cities 
served by Capital, employe-stockholders 
would conduct this work for the group 
under the direction of Beatles’. 

• Ask CAB for subsidy. 

The Capital Shareholders Assn, first 
came into public attention last month 
during the annual stockholders meeting 
(AW Apr. 25, p. 43) when Beatley 
joined other dissident stockholders in 
protests against management and pre- 
sented a "positive” plan of action, 
which, he said, would “increase public 
patronage and strengthen the airline’s 
financial position." 

According to Beatley, a veteran senior 
pilot with the company. Capital’s board 
of directors took no action on any part 
of the plan and, as a result, the em- 
ploye group decided to take its own 
action. Since then, the group has 
placed the blame for Capital’s plight 
on “poor leadership.” 

The enHre management group is 
not included in the group's charges 
and, in fact, there are a few junior 
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Sample rates for shipments of automobile parts 
or accessories, electrical or electronic appliances, 
equipment or parts, machines or machine parts 
and many other commodities. 

Give your shipments the extra speed and service 
of American Airlines AIRfreight at rates often 
lower than rail express! 

American puts at your disposal the world’s 


largest, fastest airfreighter fleet led by the new 
DC-7 Airfreighter. American AIRfreight offers 
more direct, one-carrier shipments to more U. S. 
cities than any other airline. That’s why it’s the 
first choice of experienced shippers everywhere. 
For full information, contact your American AIR- 
freight office today, or write to: Mr. E. C. Taylor, 
Vice-President— Cargo, American Airlines, Inc., 
100 Park Ave., New York 17, N. Y. 


AMERICAN AIRLINES -=AIRfreiqht 

America's Leading Airline 


officers who lean in support of the asso- 
ciation's latest activities. 

Chief targets of the employe group 
are Capital President David H. Baker 
and senior vice presidents ). B. Frank- 
lin and Walter Johnson. However, 
other high-ranking officers have borne 
some share of the over-all criticism, 
and both Franklin and Johnson are 
backed bv a number of employe seg- 
ments within the association. 

Two veteran directors. C. Bedell 
Monro, president of Capital until 1947. 
and James R. Stockton, are believed to 
he m support of the association's pro- 

Officers and directors as a group re- 
ceived $424,957 in salaries and other 
remuneration in 1959. Last month, in 
a voluntary action, the group voted to 
cut their own salaries by 10%. 

Employes have been considering two 
wage reduction plans which would help 
rescue the company from its present 
financial dilemma. One calls for an 
18-month wage deferral of 10% and 
another proposes the purchase of com- 
mon stock on a wage deduction plan 
designed to strengthen the equity base 
of the company. Whatever course is 
followed, it is now evident that em- 
ployes are disillusioned with operations 
under the current management and will 
follow Beatlcy in most any program 
he proposes. 

A major reason for this loss in con- 
fidence in management was a statement 
by Baker in which he said Capital will 
continue to operate “even if it is forced 
into receivership." Beatlcy promptly 
accepted the challenge and charged that 
no airline, because of the technical na- 
ture of its operation, can serve the pub- 
lic properly “under the cloud of bank- 

Beatley said such a situation would 
put the carrier at a competitive disad- 
vantage because the normal psychologi- 
cal reaction to bankruptcy would drive 
many potential passengers to other car- 
riers. He warned that receivers ap- 
pointed probably would not be people 
knowledgeable in airline operations and 
added that the “freedom and flexibility 
of decision" essential to day-to-day air- 
line performance “would be gone.” 

I11 a direct blast at management, he 
said the CAB provides a carrier with a 
franchise on the presumption that man- 
agement will be "fit. willing and able" 
and added that bankruptcy creates the 
presumption that management is "lack- 
ing in one of these areas.” 

Meanwhile, the Board cut off any 
chances of Capital being granted an im- 
mediate temporary subsidy to tide it 
over the crucial days ahead. It bluntly 
set a policy for the Capital case and fu- 
ture similar cases when it said in its 

”... the Board’s policy with regard 


to the award of subsidy on a temporary 
basis does not envisage that any or all 
carriers in financial straits shall be 
awarded subsidy simply upon filing a 
petition.” In its original order deny ing 
the airline subsidy, the Board said there 

Capital yvould be ultimately entitled to 
any subsidy at all. 

Last yvcck. it issued an order, rvhich 
yvas stayed because of Capital's “increas- 
ingly critical ' condition but rvhich 
sharply criticized Capital's failure to 


Lars Angeles, Calif.— Subsidy section 
of the Federal Aviation Act, as it may 
apply to U.S. trunk airlines, should be 
repealed. American Airlines President 
C. R. Smith said here last rveek. 

"Subsidy is not a cure for the disease 
afflicting the industry, he contented, 
“but it is a disease itself." Smith said 
that until legislation repeals the sub- 
sidy section of the act. the federal gov- 
ernment should establish and enforce 
the policy that it rvill not pay subsidy 
for operations over any specific route, if 
there arc one or more carriers on tire- 
some route capable of operating ade- 
quate service svithout a subsidy. 

Smith continued that today’s route 
structure should be realigned to end 
yvhat he called “yvasteful” competition, 
yyhich has eliminated opportunity for 
profit and hope for subsequent fare 
reductions. 

Backbone of today’s airline system, 
he said, is a basic route pattern in- 
herited outright from the airmail sys- 
tem, to which has been added route 
after route, often in piecemeal fashion, 
over a period of more than 20 years. 

This structure needs realignment to 
bring it up to date with the times, he 
added, noting that existence of individ- 
ual carriers and the industry - itself de- 
pends on sound development and a firm 

Belaboring the airlines with layer on 
layer of competition, in spite of con- 
tinued warnings that the economic 
integrity - of the airlines yvould be en- 
dangered. has continued. Earnings re- 
ports for the first quarter of this year 
indicate that much of this concern is 
justified. Smith claimed. Calculations 
shotv that the trunkline industry’s pre- 
tax loss for the first quarter of 1960 
rvill approximate $24 million, compared 
with a pre-tax profit of S6 million in the 
same period last year, a deterioration of 
S40 million, not all of it due to the bad 
rveather during 1960’s first quarter. 

Smith pointed out that in 1935, 
American Airlines sold S4 million svorth 
of air transportation and in 1960. it 


provide adequate service to Flint and 
Grand Rapids, Mich. It established a 
minimum of round-trip flights daily 
rvhich the airline must operate betrveen 
the trvo cities and major markets on the 
East Coast and in the Midrvest and or- 
dered that all first-class flights on these 
routes be served by pressurized aircraft. 
Because of the Board's doubts of Capi- 
tal's on-time performance, it ordered the 
carrier to submit monthly statements 
showing departure times of each flight 
serving the Michigan points. 


expects to sell $400 million rvortlr. In 
1935, American's capital was less than 
$1 million; today it is about $150 mil- 
lion. Its total assets have more than 
doubled since 1955, but American’s 
earnings have gone up only about 10% 
in the same period, he noted. 

Tire building of a supersonic transport 
is not, at this stage of development, a 
“business decision," the American Air- 
lines chief executive contended, since 
the decision cannot be made by the 
manufacturers or the airlines, or both, 
because cost is too much for their re- 
sources. Such a project will have to be 
sponsored by the federal government, 
lie maintained. He believes that it 
yvould cost no more to be the leader in 
introduction of supersonic transporta- 
tion than to catch up at some later 
date. In fact, it probably would cost 
less to lead, he indicated, provided 
technical solutions are developed in the 
North American B-70 program. 

Smith also yvas critical of recent de- 
velopments in the National Aeronautics 
and Space Administration rvhich have 
tended to place aeronautical research on 
a much lower level than in previous 
years. Morale of the aeronautical de- 
partment in NASA is not good, he de- 
clared, rvith some of the talented and 
devoted scientists having transferred to 
space activities and others leaving to 

of the U. S. aircraft industry- demon- 
strate a lack of knorvledge for best de- 
sign and their problems highlight the 
areas yet to be explored. 

Among the areas still requiring dili- 
gent research. Smith listed: 

• Noise— causes, effects and control. 

• Airplane control and stability— over 
the total speed and operational ranges. 

• Lorvspecd takeoff and landing— includ- 
ing crossxvmd problems. 

• Materials and structures— yveight, 
strength and fatigue resistance. 

• Meteorology— including clear air tur- 
bulence. 

• Aerodynamics — including boundary 
layer control. 


American Airlines President Urges 
Abolishment of Trunkline Subsidy 
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UNIQUE BENDIX WIRE RibbotiWna p REDUCES WEIGHT, 
INCREASES RELIABILITY OF ROCKET CASES 


Bendix has licked the problems of weight 
and reliability in flight weight pressure ves- 
sels. Secret of the Bendix-developed rocket 
cases: many tiny ultra high strength steel 
wires formed by adhesive bonding into a 
highly efficient ribbon. Weight and distribu- 
tion of the binding adhesive is precisely con- 
trolled. Result— rocket cases with test 
strength as high as 531,000 psi, equivalent 
to a hoop stress of 350,000 psi UTS in 


a homogenous case. A specially designed 
Bendix machine generates the rocket case. 
The best wrap pattern for each case is 
mathematically determined and precisely 
controlled. Finished product is a rocket 
case tailor-made for configuration, strength 
and reliability. 

For more complete information, write 
Rocket Equipment, Bendix Products Divi- 
sion, South Bend, Indiana. 


e Bendix wire RibbonWnaf> gives 

sslgn Flexibility 






Bendix SmsioN South Bend, 




Jets Boost Chicago Helicopter’s Traffic 


By Glenn Garrison 

Chicago— Boosted by a rapid rise in 
jet services at O’Hare Field, Chicago 
Helicopter Airways’ traffic is expected 
to reach a record total of 330,000 pas- 
sengers this year. 

In 1959, its third year of passenger 
operation, the helicopter carrier’s Sikor- 
sky S-5Ss moved 204,389 passengers, 
an 87.6% increase over 1958 and a 
total far beyond CHA’s most optimistic 
estimates (AW June 1 5, p. 49). 

Tire Chicago airline thereby handled 
more passengers than the other two ma- 
jor U. S. scheduled helicopter operators 
—Los Angeles Airways and New York 
Airways— handled together. Total for 
all three was 366.000 passengers. 

There were other impressive signs of 
CHA's booming growth: revenue pas- 
senger miles up 84.2% to 3,667.453; 
passenger load factor up from 37.8% to 
51%; ton miles flown up 75.5% to 
364,332; scheduled miles flown up 
17.7% to 819.2S6. Operating revenues 
totaled $3,008,250, a 39% increase. 
Passenger revenues increased 94% to 
51,213,504, and net income soared 
170% to $230,344 including capital 
gains. 

Jet Factor 

Biggest factor in CHA’s growth is 
the large-scale jet operation now han- 
dled at O’Hare, which has resulted in 
a rapid shift since last summer of air- 
line schedules to that airport from 
Chicago-Midwav. These time-conscious 
jet passengers offer a tailor-made market 
for CHA over its route triangle be- 
tween the airports and between each 
airport and downtown Chicago. 

Bv the end of 1960, this market will 
account for 60-65% of CHA’s total 
passenger traffic, in the estimate of 
C. E. Liskc. vice president-traffic and 
sales. Liske told Aviation Week he 
ran a survey of last August’s traffic, 


finding that 5,000 of the month’s total 
of 20,000 passengers were traveling to 
or from jet transports. The propor- 
tion of jet passengers hasn’t since been 
pinpointed by a survey, but it is increas- 
ing as more jet schedules are added by 
the airlines serving O’Hare, where all 
Chicago's jet traffic is handled. About 
half of last month’s 28,002 CHA pas- 
sengers were jet arrivals or departures, 
Liske estimated. 

Heaviest traffic increase has been on 
the O’Hare-Chicago Loop segment of 
CHA's triangle (ground distance 23 mi. 
through traffic). Inter-airport traffic, 
though, accounts for about two-thirds 
of the total. 

The helicopter airline’s eighth and 
final S-58— a former New York Airways 
aircraft turned in to Vertol and recon- 
ditioned by Sikorsky— recently went into 
service and brought the daily trip total 
over the triangle to 188 as of May 1, 
an increase of 30 trips. Load factor 
last month, before this addition, was 
running about 53%. 

Suburban Service 

In addition to the 188 triangle 
flights, CHA operates seven dailv-ex- 
ccpt-wcekcnd schedules to Winnetka, 
111., and six to Gary, Ind. Plans to ex- 
pand this suburban service are being 
slowed by the big demand on what the 
airline calls its own “golden triangle" 

Chicago Helicopter Airwavs expects 
delivery in mid-1961 of four Sikorsky 
S-61 turbine-powered helicopters of a 
total conditional order of six. These 
25-passcnger helicopters will greatly in- 
crease the airline's scat capacity, and a 
big objective now is to develop traffic 
to fill the new capacity, according to 
C. W. Moore, executive vice president. 
Along with this goal is that of develop- 
ing the ability of CHA personnel to 
cope with such increased volume, 
Moore told Aviation Week. 


"Actually, we’re ahead of the S-58,” 
Moore said, adding that present fre- 

with the bigger aircraft. He believes 
CHA's traffic next year may total 400,- 
000 passengers. 

Interline Traffic 

About 90% of the helicopter car- 
rier's business is interline. In the works 
now is an agreement between CHA and 
three jet operators— American, TWA. 
and Continental— under which the fixed 
wing carriers will pick up half the $6 
helicopter fare between Midway and 
O'Harc. Other airlines are expected to 
come in later. 

More than 50% of CHA tickets arc 
now pre-written by other carriers. There 
are no joint fares except with foreign- 
flag carriers serving Chicago, and these 
represent a small part of CHA’s busi- 
ness. The helicopter airline isn’t push- 
ing the international joint fare business 
too hard, Moore said. With traffic levels 
as high as thev are, it is not an unmixed 
blessing to sell a joint fare ticket which 
involves giving up 50 cents on a $6 

Chicago Helicopter Airways should 
be able to come off subsidy when the 
fleet of S-61s is in operation, according 
to Moore. Scat mile cost is expected to 
be about half that of the S-58. Oper- 
ating cost per available seat mile with 
the present fleet is now about 30 cents. 
This is a fleetwidc figure and includes 
the four Bell 47G-2 helicopters oper- 
ated over CHA's mail routes. 

Mail revenues and government pay- 
ments for developing mail and passen- 
ger service totaled $1,786,726 last vear, 
up from $1,536,391 in 1958. 

Present average return on tickets is 
about 33 cents. Moore said. On the tri- 
angle routes alone, the S-58 operation 
probably would break even today, but 
the mail routes, regarded by CHA as 
highly important, and suburban passen- 





GROWTH of Chicago Helicopter Airways' passenger traffic since 1956 is indicated above. The 1959 increase was 87.6%. 
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AERONCA designs and produces 


precision antenna systems for advanced 
radar complexes 


Featuring new concepts in design and construction, Aeronca para- 
boloid antennas set new standards in precision . . . regardless of 
size. The principles and accuracy inherent in the 60-foot X-Band 
dish illustrated above are adaptable to antenna designs of virtually 
any size or shape. 

Aeronca antennas are lightweight high-strength rigid structures of 
honeycomb sandwich construction. Developed by integrated design- 
tool-produce capabilities, they are fabricated by advanced tech- 
niques that substantially reduce tooling requirements . . . simplify 
unit design . . . assure low-cost producibility. In addition, Aeronca 
antennas permit lighter support structures and mechanisms because 
they weigh 40% to 60% less than conventional designs. 



supply "packaged" capabilities to meet your 
write for BULLETIN AR-201. 


manufacturing corporation 
1714 Germantown Road 
Middletown, Ohio 





ger service are not as successful. 

A problem with the suburban pas- 
senger routes is directional imbalance, 
with big loads into the city in the 
morning and away from the city in the 
afternoon. 

Subsidy need per passenger is now 
about S5, less than many Douglas DC-3 
local service operations, Moore said. 

The helicopter airline will offer 
about 650,000 available seat miles this 
month and fly 104,000 scheduled miles. 
Its enthusiastic officials see vast oppor- 
tunities for further growth in a market 
which Moore said is expected to in- 
clude 16 million passengers by 1965 us- 
ing the two Chicago airports. By 1970, 
this total is expected to reach 22 million, 
and even 3% of this market, which is 
about what the helicopters have been 
carrying, is a lot of customers. 

Jet Sales Tool 

The helicopter/fixed wing jet com- 
bination is a two-way street, Moore 
pointed out, with the ground-time-sav- 
ing rotorcraft providing a sales tool for 
the jet operators. Some airlines have 
mentioned this service in their adver- 
tising. CHA uses another angle in its 
billboard ads. They are located strate- 
gically along the ground route to the air- 
ports, where the susceptibility of a jet 
passenger tied up in traffic may be pro- 
portional to his irritation. 

Other factors auguring well for fu- 
ture business include a new $550,000 
terminal building being built by Meigs 
Field, the Loop point served by CHA, 
and a new convention hall planned for 
construction a quarter mile from Meigs. 
There also are plans for a big new hotel 
near the field. 

In the passenger operation, there 
were only 20 mechanical delays last 
year that took a helicopter off a sched- 
uled flight. Utilization of the seven 
S-58s operating last month was running 
about 1,400 hr. per aircraft per year, 
figured wheels-off to whecls-on, or 
about 2,100 hr. of time when the rotor 
was turning during a scheduled opera- 
tion. Peak utilization was reached last 
September, when the fleet totaled five 
S-58s, at 1,663 hr. on the wheels-off to 
whecls-on basis. 

Block speed now is running about 90 
mph. off to on. In 1960, CHA expects 
to fly more than a million miles, about 
86,000 mi. a month of it with the pas- 
senger S-58s and 18,000 a month with 
the mail-carrying Bells. 

CHA’s employe productivity has in- 
creased from 21.72 tons enplaned per 
employe annually in 1956 to 110.57 
tons last year. Personnel now number 
about 180, including 33 pilots. 

The carrier, which passes out $2 bills 
to employes every time a record is 
broken, believes employe morale has 
been an important factor in its success- 
ful growth. 


Wheeler Sells Division 

Wheeler Airlines, Ltd., Montreal, has 
sold its Heavy Transport Division, includ- 

Ltd., Montrcalf a subsidiary of Mari- 
time Central Airways. Sale involves al- 
most $4 million, not a cash figure. 

Nordair will receive three Douglas 
DC-4s, five DC-3s, three Curtiss C -46s 
and three Consolidated PBYs. Die firm 
will take over Wheeler's scheduled 
rou tes— Mon treal- V al d'Or-Great Whale, 
Hudson Bay— and also Dew Line re- 
supply. 

Wheeler, in business 39 years and the 
oldest air service in Canada, gets several 
small aircraft from Nordair and with its 
current 28 single-engine aircraft— includ- 
ing Otters. Beavers, Norsemen, Stear- 
mans. Avengers and one Cessna 180— will 
continue its spray and bush operations 

F. H. (“Tom") Wheeler remains ^s 
president of the new company, which 
will be Wheeler Airlines (I960 Ltd.), 
and which will revert to its original head- 
quarters at St. Jovitc, Quebec. 

Soviets Push 11-18 
In Satellite Nations 

Moscow— Soviet Union is pushing its 
campaign to establish the 11-18 turbo- 
prop transport as the standard prestige 
aircraft on major routes operated by its 
satellite nations before year-end. 

Already delivered in small quantities 
to East Germany, Czechoslovakia and 
Communist China, the four-engine 
transport is slated for sendee with 
Hungarian and Bulgarian carriers in the 
"near future.” Soviet officials claim that 
“other People's Democracies" also are 
in line for the 11-1 8s. 

Russian production of Il-ISs through 
the first quarter of 1960 apparently had 
not reached the point where it could 
readily furnish satellite countries with 
the number of aircraft necessary for 
efficient operations. 

Nevertheless, the Soviets continue to 
push the new airplane. On a recent 
trip to Iraq, Soviet Deputy Premier 
Anastas Mikovan offered three 11-1 8s to 
Iraqi Airways under terms calling for 
payment over 12 years at a 2.5% annual 
interest rate. De Ilavilland is also a 
contender for the Iraqi market with its 
Comet 4C turbojet. 

The Russian’s intensive 11-18 promo- 
tion has taken the 11-1 S into Africa 
when it flew Guinea Republic Presi- 
dent Sekou Toure home from an official 
visit to the USSR. 

Meanwhile, Russia has expanded op- 
eration of the 11-18 on routes of its 
state-owned Aeroflot airline. The air- 
craft is used on trans-Siberian sendee 
between Moscow and Yakutsk near the 


Arctic Circle, covering the 3,500-mi. 
route in slightly over 10 hr. It will 
soon be placed into service on the 
USSR’s most northerly trunk route— 
Moscow to Norilsk and Tiksi, the latter 
far above the Arctic Circle near the 
mouth of Eastern Siberia's Lena River. 

Reduced Fare Ruling 
Extended by CAB 

Washington— Civil Aeronautics Board 
has decided to continue its suspension 
of a ruling that would prohibit free or 
reduced fare travel for relatives of cer- 
tain employes of air carriers until 
July 31. 

'flic Board ruled in October, 1957, 
that travel by relatives of officers, direc- 
tors and employes of the airlines and 
certain other persons at reduced rates 
or without charge violated the Federal 
Aviation Act. The airlines protested to 
the Board that these practices were of 
long standing and part of the carriers’ 
public and labor relations structure. 
The Board then suspended its order 
until Sept. 1, 1958, and subsequently 
suspended the ruling until Sept. 1, 
1959, and then to Apr. 30, 1960. 

Legislation is now' pending in Con- 
gress to amend the Act permitting such 
Free and reduced rate transportation so 
that the Board has granted the further 
extension. Categories of persons af- 
fected by the Board suspension are: 

• "Members of immediate families of 
airline directors, officers, employes. 

• “Retired airline directors, officers and 

• “Members of the immediate families 
of persons injured or killed in aircraft 
accidents. 

• “Widows and minor children of di- 
rectors, officers and employes who have 
died while in the service of the air car- 
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Instrument Systems Called Major 
Problem at I AT A Technical Forum 


By David A. Anderton 

Lucerne, Switzerland— Basic require- 
ment for improved instrument systems 
lies behind a major portion of the opera- 
tional and engineering problems being 
aired at the 13th International Air 
Transport Assn. Technical Conference. 

Seven out of the 11 items on the 
agenda for the two-week conference arc 
related directly or indirectly to prob- 
lems and progress made in instrumenta- 
tion, instrument systems and presenta- 

Judging by the comments, there 
wouldn't seem to be a single member 
airline satisfied with current accuracies 
and presentations. There is general 
condemnation of instrument systems 
that evolved slowly as a result of the 
development pace of piston-engine 
transports, and which hate been 
adapted to jet transports with little or 
no change in design or concept. Two 
examples point this up: 

• Economically, airlines’ fuel bills are 
increased because of the inability to 
determine engine fuel consumptions 
with high accuracy. Knut Hagrup of 
Scandinavian Airlines System, chairman 
•.if the conference, said his company's 
Douglas DC-8 jet transports now flying 
between Copenhagen and New York 
arrive over New York with 30.000 lb. 
of reserve fuel. This weight could be 


I Florida Route Petition 

the Civil ^Aeronautics Board last week 
to cancel or suspend Northeast Airlines’ 
I authority to serve Florida on grounds 
j that the carrier’s added competition in 
the area has cost taxpayers and inves- 
tors an estimated $75 million since 1956. 
; Calling for immediate action on its 

I nancial and economic consequences,” 
I National said it expects a pre-tax oper- 
ating loss of over $5 million by the end 
of this fiscal year, primarily because of 
I the competition from Northeast. The pe- 
tition further contended that Northeast 

than $14 minimi' since ^hc' airline "was 
authorized to serve a New York-Florida 
route in 1956 on a temporary five-year 
certificate. 

Northeast executives immediately re- 
plied that they would "take appropriate 
action" to protect the airline’s intcr- 

in the Florida market on the basis that 
over a tliree-ycar period. 


reduced noticeably if instrument ac- 
curacy permitted more exact knowledge 
of fuel consumption rates. 

• Operationally, the available airspace 
is further diluted bv current instrumen- 
tation inaccuracies which make 2,000-ft. 
vertical separations mandatory above 
cruise altitudes around 30,000 ft. With 
some accurate altimeters now being 
used, this could be reduced to 1.000 ft., 
but member airlines are reluctant to 
make the recommendation until all of 
them are using the better systems. Air- 
line technicians are critical now of 
errors that were acceptable last year, for 
example, a 5 kt. error in airspeed. With 
a piston-engine airplane, takeoff and 
landing were not so critical and 5 kt. 
one way or the other was not too im- 
portant. The jet transport changed that 
overnight. 


trouble now, it is nothing compared 
with what could happen in the super- 
sonic transports, according to some 
delegates. Most of them look with in- 
ner horror at the possible introduction 
of supersonic transports before they 
have defeated the problems of the sub- 
sonic ones. But they take the realistic 
attitude that if they must come, now 
is the time to start working on proper 
instrumentation. 


The major aim of this conference, 
which is lATA's biggest so far, is to 
exchange experience gained in the early 
months of turbojet transport operation 
by a few of the world's airlines as an 
aid to the rest of the operators who 
will be starting jet service this year. 

The most conspicuous feature of this 
jet experience is that there arc no com- 
plaints about the powerplants them- 
selves. This probably is the first airline 
operators' conference anywhere that did 
not have to devote a large share of the 
agenda to the problems of engine op- 
eration and maintenance. 

But while the engine as a trouble 
source has faded out of the picture, 
fuel for the engine has come stronglv 
into focus as a potential source of real 
worry. IATA members, with one ex- 
ception, now standardize on kerosene as 
the world-wide fuel for turbojet and 
turboprop transports. There is a cur- 
rent price differential of about 5% in 
favor of using JP-4 instead of kerosene, 
and some members are afraid that if the 
figure goes to 8 or 10%, they will have 
to shift to JP-4. With this, they foresee 
longer time for ground stops, primarily 
because they feci refueling will not be 
done with passengers in the airplane or 
while embarking. 

There is a currently recommended 


IATA specification for kerosene used by 
the member airlines, but none for 
JP-4. One of the tasks of a conference 
working committee will be to hammer 
out a JP-4 specification in case the air- 
lines have to make the switch in the 

future. 

Cleanliness and water percentages 
acceptable in the fuel also are being 
considered. 

Back of the increased interest in fuels 
is an economic reason. Gasoline costs 
for a piston-engine airline fleet repre- 
sented about 16% of the total opera- 
tional bill. For a jet transport fleet, 
this percentage nearly doubles; even 
small savings represent big money on 
the total costs for a year. One airline 
quotes a study figure for its DC-8s 
which shows that 1 % saving in fuel 
consumption— which could be attribut- 
able to more precise cruise control, for 
example— would mean a saving of more 
than SI 1.000 per airplane per year. 

Ratemaking Criteria 
Announced by Board 

Washington— Civil Aeronautics Board 
last week took another step toward a 
final decision in the four-vear-old Gen- 
eral Passenger Fare Investigation with 
an announcement of standards that 
will be used in ratemaking. 

Industry promptly filed tariffs calling 
for rate increases ranging from a SI per 
ticket increase to increases of SI per 
ticket plus 5% across-the-board. Board 
members admitted they’ were not in 
agreement on all ratemaking standards 
proposed. 

In the brief announcement, the Board 
confirmed in all but a few minor details 
the recommendations set forth in 
the examiner’s initial decision. It 
set a 10.5% rate of return on invest- 
ment as a measure of fair earnings and 
noted that this standard was "based 
on a somewhat lower return for the 
Big Four carriers and a higher rate for 
the remaining eight trunkline carriers.” 

It said the rate of return would be 
computed on an investment base that 
includes equipment purchase deposits 
but excludes reserves for deferred in- 
come taxes and certain minor items. 

The Board also set depreciation 
standards which will be used in rate- 
making. Depreciation expenses on 
flight equipment will be based on the 
straight-line method computed over a 
seven-vear life and a 15% residual val- 
ue for piston-engine aircraft. 

Airframes of turbine-powered trans- 
ports will be computed over a 10-year 
period at a 1 5% residual value while 
depreciation of turbine engines will be 
based on a 5-year life and a 15% resid- 
ual value. 

The examiner recommended a zero 
residual value on turbine engines. 
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SHORTLINES 


► Civil Aeronautics Board has ordered 
eight U. S. air carriers to increase the 
frequency of service into Baltimore's 
Friendship International Airport from 
a number of U. S. points. Airlines af- 
fected arc American, Capital, Delta, 
Eastern, National, Northeast, Trans 
World and United. The eight carriers 
would provide Baltimore with service 
to various points in the U. S. with both 
daily one way and round trip frequen- 


► Federal Aviation Agency is ordering 
a new type radar traffic simulator for 
training of air traffic controllers which, 
it says, greatly reduces the time con- 
sumed in training. Simulator system, 
developed by Servonics, Inc., of Alex- 
andria, Va., develops up to six controll- 
able, simulated targets representing air- 
craft on the indicator scope. System 
will be installed in 26 FAA air route 
traffic control centers. 

► International Air Transport Assn, 
will hold a special meeting as part of its 
1961 IATA technical conference to 
cover the probable impact of super- 
sonic transports. Manufacturers, air 
forces, research establishments and 
other organizations will be invited. 

► National Airlines, Delta Air Lines 
and American Airlines have been 
granted temporary authority by the 
Civil Aeronautics Board to operate a 
three-way interchange route from Mi- 
ami to New Orleans, New Orleans to 
Fort Worth and Fort Worth to Los 
Angeles. The order is effective until 
Apr. 29, 1961. 

► Trans World Airlines has received an 
additional year-long Civil Aeronautics 
Board extension permitting it to elim- 
inate Chicago and Detroit from direct 
service to Europe. TWA told the CAB 
that the load factor on flights from 
Chicago and Detroit directly to Europe 
averages only 54.8% from May 1 to 
Oct. 25, 1959, while the load factor 
on all other transatlantic flights was 
70.6%. TWA also told the Board that 
it intends to provide single plane 
turbojet sendee between Chicago and 
Europe via New York, which, it says, 
will result in substantial savings for the 


► Varig Airlines of Brazil plans to begin 
nonstop Boeing 707-420 turbojet serv- 
ice on its New York-Brasilia route on 
June 14. Passengers continuing on to 
Rio de Janeiro will make connections 
at Brasilia and fly in Sud Aviation Car- 
avelle turbojet transports. 


AIRLINE OBSERVER 

► Pan American World Airways is in the process of creating a $10 million 
reserve fund for hull self insurance on its jet fleet because of high costs 
quoted for insurance in the early stages of jet operation. Situation is analo- 
gous to deductible collision insurance for automobiles, since any loss over 
$10 million is covered by insurance underwriters. Pan American appropriated 
$5 million from retained earnings and accrued $1,528,000 through charges 
to operating expense since Aug. 31, 1959. After losses of $31,000 last year, 
the fund totaled $6,497,000 at year’s end. Accruals are taking place at 
approximately a half million dollars a month and, if loss rates continue as 
low as they have, the fund will be fully established before the year’s end. 

► Watch for an early bid by Aeroflot, the Soviet state-owned airline, to join 
International Air Transport Assn, in connection with its latest move to 
open talks with the U. S. on a bilateral air transport agreement (AW May 2, 
p. 25). 

► Front-end noise of turbofan engines threatens to pose a noise problem, 
although exhaust noise is lower than that of a turbojet engine. On a decibel 
meter, there is no difference between the over-all noise level of the turbojet 
and turbofan. Compressor scream and fan noise of the latter is a larger com- 
ponent of over-all noise level and may be a source of complaint. 

► Handley Page will soon fly a large scale model of the sucked laminar flow 
w’ing scheduled to be fitted to the HP 113 jet transport. The model wing, 
which will be approximately one-third full size, or a span of about 24 ft., 
will be mounted vertically above the fuselage of a World War II Lancaster 
bomber and located near the center of gravity to minimize the yawing 
imposed on the aircraft by the wing lift. Two Budworth light-weight 
industrial gas turbines will provide the wing suction. Desired Reynolds 
numbers should be obtained despite the low speeds of the Lancaster by 
conducting the tests at low altitude. 

► Boeing has accelerated its 727 three-engine jet transport development 
program because of the Sud Aviation-Douglas Aircraft Co. move to produce 
the Caravelle jet transport in the U. S. The 727 is now entering the proto- 
type stage and mockup has been built. Boeing also is studying a short-range 
version of the 707 transport. 

► Aeroflot is developing a 125-passenger "high-density” configuration for its 
11-18 turboprop transport. 11-1 8s now in service seat from 73 to 111 
passengers. 

► Federal Aviation Agency will commission the first of 18 new radar beacons 
this month at the Oakland, Calif., air route traffic control center. When the 
program is completed, FAA will have a total of 38 radar beacons in opera- 
tion at 31 air route traffic control centers, some of which have beacon input 

► Supreme Court has refused to review an appeals court decision that 
reversed the award of a Florida route to Trans World Airlines by the Civil 
Aeronautics Board in the Great Lakcs-Southeast Service Case. The court 
of appeals ruled that the case should be remanded to the Board on grounds 
that the granting of a route between St. Louis and Miami to TWA 
amounted to an award of one-stop southern transcontinental rights when 
operated in conjunction with the carrier’s West Coast-Los Angeles route. 

► Federal Aviation Agency has awarded contracts totaling $67,000 to one 
foundation and three universities to conduct medical research programs on 
in-flight fatigue developing in jet aircraft flight engineers, effects of ozone 
exposure on pilot vision and the establishment of ratings that would set 
norms for the physiological conditions that can be anticipated at different 
ages. 

► Allegheny Airlines will lease 23 AVQ-50 airborne weather radar units 
for use on its Martin 202 and Convair 540 turboprop transports from Radio 
Corp. of America. RCA has completed a program under which airlines and 
business aircraft operators may lease electronic devices and weather radar 
equipment under rental contracts. 
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CHANDLER EVANS CORPORATION 


HOT GAS ACTUATION 
SYSTEM IN CECO’S 
BI-STABLE MODE IS 


• insensitive to solid fuel contaminants 

To position a mechanical load in response to 
an electrical command with minimum' error, 
CECO has developed solid-fueled hot gas actu- 
ator systems operating in a bi-stable mode. 

In a closed-loop arrangement, increasing the 
system gain to the point of infinite gain pro- 
duces bi-stability, i.e., the servo valve can 
assume only two positions: fully closed in 
either direction. Maximum corrective torque is 
thereby applied to the load for all errors. With 
infinite gain, the system will sustain steady- 
state. limit-cycle oscillation, and the average 
steady-state error is zero. This is significant 
in systems with large stiction loads, since pro- 
portional controls of conventional philosophy 
permit larger errors before stiction torque is 


Among applications for CECO's limit-cycle, bi- 
stable philosophy is thrust-vector control. A. 
representative portion of such a system is 
shown schematically at the left. This design 
utilizes push-pull actuators. The bi-stable 
motor, valving and actuators are an integral 
unit. One large servo-actuator positions the 
mechanically-linked pitch nozzles, while two 
smaller actuators position the remaining noz- 
zles in response to yaw and roll commands. 

CECO’s experimental development . program 
has demonstrated that because of its inherent 
accuracy and insensitivity to contaminants, 
the bi-stable control is more reliable than 
other proportional configurations for solid fuel 
applications. 

TYPICAL PERFORMANCE OF A BI-STABLE CONTROL 



Response of this system to sine, ramp and step inputs (while 
using a conventional torquemotor) is illustrated. With new com 
ponents being readied, limit-cycle amplitudes of one-tenth of 
one degree are expected. 



Familiarity with systems engineering and with precision 
manufacturing for aircraft and missiles has served CECO 
well in its extensive work with hot gas servo control 
systems. 

Both actuation and reaction systems have been designed, 
developed and produced for use with high-pressure hot gas 
generated from either solid or liquid propellants. 

An up-to-the-minute, color-slide presentation containing 
technical data and a review of hot gas component and 
system hardware development activity at Chandler Evans 
is currently available. To arrange to have this presentation 
given before an engineering group in your company, call 
or write your nearest CECO Field Engineering Office. 


FIELD ENGINEERING OFFICES 



CHANDLER EVANS CORPORATION 
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II EUf emr SUBCARRIER 
DISCRIMINATOR 


ALL SOLID STATE. ..PHASE-LOCK-LOOP 
DETECTION ... MINIATURE... FOR 
TELEMETRY AND DATA REDUCTION 



See the Mode 
National T. 


instrument designed for demodulating FM subcarrier signals with 
exceptional linearity. The new Model 167A employs phase-lock-loop 
detection in completely solid-state circuitry to achieve outstanding 
characteristics of performance and durability in a miniature package. 
The new discriminator has a true 60-db dynamic input voltage range. 
Amplitude of each subcarrier signal can be as great as 5V rms in a 
multiplex of up to 18 subcarriers. Amplitude modulation effects such 
as tape dropouts are virtually eliminated by dynamic limiting, effective 
over a true 60-db voltage range. 

The design is such that phase-lock-loop characteristics are auto- 
matically optimized regardless of channel selector used and output 
filter chosen. The channel selector delay network provides fine tuning 
to allow tape-speed wow-and-fl utter compensation of better than 100 : 1 . 
The Model 167A is available with all standard IRIG center frequencies, 
frequency deviations, and intelligence frequency outputs. 

The new Discriminator is packaged in less than half-normal-panel 
width. Two can be mounted side by side in a 19" rack, using a simple 
fastener. 



.iill.lililii. 



emr 

-vjscop 



Electro-Mechanical 
Research, inc. 

P. O. Box 3041, Sarasota, Florida 


CONDENSED SPECIFICATIONS 

Center Frequency: IRIG standard; up to 300 KC available 
Frequency Deviation: IRIG standards; up to ±40% available 
Intelligence Frequency Output: IRIG standards; up to 60 KC available 
Input Dynamic Range: 60 db. 5 mvto 5V rms 

AM Rejection: less than 0.3% peak bandwidth change for 20 db input 
step change 

Unwanted Signal Rejection: 60 db rejection of f. s. modulation on 
adjacent channel having 16 db greater amplitude 
Linearity: ±0.05% of bandwidth with respect to best straight line 
Tape-speed Compensation: greater than 100:1 reduction of wow-and- 
flutter up to ±10% 

Output Stability: ±0.2% of bandwidth in 24 hrs. after 5 min. warm-up 
Output: cal. output control adjustable ±1.0V to ±10V at 500 ma load 
(to 10 kc intelligence) 

Power Consumption: 30W at 120V rms. 

Size: 3)4" x 8" panel; over-all depth, 18" 

Meters: two cal. meters provided— Subcarrier Volts and % Output 
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SPACE TECHNOLOGY 


Safety, Simplicity Stressed in Saturn Design 



SATURN C-l vehicle is the first of a family of three which arc planned. First two 
stages of the C-l can be used to place a glider of the Dyna-Soar type (about 15.000 lb. 
gross weight) into orbit. S-5 stage probably will not be used during the boosting of 
large winged vehicles because its currently planned airframe is too light. Flight testing 
of the first nuclear rocket can be accomplished with tire first two stages of the Saturn C-l. 
I he nuclear engine would be placed in orbit and then started. Booster is due to By in mid- 
1961; complete C-l vehicle will fly late in 1963. 


By J. S. Butz, Jr. 

Huntsville, Ala.— Conservatism and 
simplicity are stressed in the detail de- 
sign of National Aeronautics and Space 
Administration’s Saturn booster in an 
effort to counteract the reliability-reduc- 
ing effects of its great size and the clus- 
tered engine concept. 

Five major conservative design fea- 
tures were considered necessary in the 
Saturn first stage by the vehicle's de- 
signers, the Development Operations 
Division of the Army Ballistic Missile 
Agency, headed by Dr. Wernher von 
Braun, which will be absorbed into 
NASA July 1. These conservative fea- 
tures provide maximum assurance that 
the Saturn will perform its vital mission 
of increasing U. S. space payload cap- 
ability to 15 tons and more.' The fea- 

• Reduction in performance accuracy 
required of the Saturn 1.5 million lb. + 
thrust booster as compared with that 
of the first stages of current space ve- 
hicles. Saturn booster cutoff velocity 
and position along the trajectory at 
burnout may vary within wide limits 
to reduce the need for precise pro- 
pellant management controls on the 
eight engines in the cluster and to elimi- 
nate the requirement for small vernier 
engines. First stage of the Saturn will 
boost the upper stages to Mach 4 or 3 
and somewhere above 100,000 ft. on 
most missions under study. Precision 
trajectory will be achieved by the upper 

• Structural safety factors on the Saturn 
booster are approximately 20% above 
those normally used on large rockets. 
This increase in strength puts the 
Saturn in approximately the same class 
as commercial transport aircraft from a 
structural safety point of view. This de- 
cision was made because the Saturn 
specification calls for it to boost manned 
vehicles into space. The weight in- 
crease does not impose as sev ere a per- 
formance penalty on very large rockets 
as it does on those the size of present 
ICBMs. Hie added strength was also 
attractive because of the recovery re- 
quirement for the Saturn booster.' 

• Capability of completing a mission if 
two of the eight engines malfunction 
and stop. One engine may stop a frac- 
tion of a second after liftoff, and a sec- 
ond may stop firing about 60 sec. later 
with no adverse effect on the mission. 
It is necessary, however, that three of 
the four gimbaled engines function 
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properly throughout the flight if con- 
trol is to be maintained. Tankage of 
the booster is interconnected so that, 
even if two engines are shut down, the 
hmks will empty together. 

• Simplified design of the eight clus- 
tered Rocketdvne H-l engines elimi- 
nates the customary electro-pneumatic 
multi-valve starting system. Engine 
starting and stopping are accomplished 
through a single electrical signal and 
do not require a system of relays and 
pressure switches on the separate en- 
gines. Improvements also were made 
in the bellows arrangement on the pro- 
pellant lines running out of the high 
pressure side of the turbopumps, which, 
along with relays, have been one of the 
most frequent causes of engine trouble 
in the past in the view of Arnrv Ballistic 
Missile Agency personnel. The turbo- 
pumps were mounted on the side of the 
combustion chamber so that those bel- 
lows that move the most and are under 
the most strain during engine gimbaling 
would be on the low pressure propel- 
lant lines from the tankage into the 
pumps. Previously, the turbopumps 
were attached to the airframe above 
tire engine, and the high pressure lines 
to the gimbaling chamber combustion 
had to move through large angles and 
were subjected to more severe vibra- 
tions than they arc on the new design. 

• More than 600 telemetering channels 
will be used to monitor temperature, 
pressure, vibration, stresses and other 
conditions at many points on the booster 
during flight tests. This is approxi- 
mately double the maximum number of 
channels that were monitored during 
the development of previous rockets, 
but it is considered necessary if the 
current program goal of using only 10 
development vehicles is to be met. Ap- 
proximately 1,200 vehicles were fired 
during the development of the German 
V-2 missile, and about 40 were launched 
before Convair Atlas was operational. 
Start and Launch Sequence 

Saturn C-l vehicle (sec drawing, 
left) will be the first of the Saturn fam- 
ily to reach light test. The C-l is a 
three stage vehicle using the S-l booster 
as the first stage, the S-4 stage as the 
second and the S-5 stage as the final 
stage. Poivcrplants for the S-5 stage 
will be two Pratt &• Whitney XLR-115, 
15,000 lb. thrust liquid hydrogen 
rockets and its airframe will be designed 
and built by Convair. Engines for the 
S-4 stage will be four XLR-1 1 5 rockets 









uprated to 20,000 lb. thrust and 
Douglas is the airframe contractor. 

The Saturn C-2 four-stage vehicle 
will be identical to the C-l except that 
the S-3 stage will be mounted in be- 
tween the S-l booster and the S-4 stage. 
Two. 200,000 lb. thrust hydrogen 
fueled rockets will power this stage. 
The contractor for these engines and 
for the S-3 airframe have not been 
selected. 

The fixe stage Saturn C-3 will be the 
C-2 vehicle with the S-2 stage added 
between the S-l booster and the S-3 
stage. The S-2 stage will be powered hv 
four of the 200,000 lb. thrust hydrogen 
engines of the same type as used in the 
S-3 stage. Airframe for the S-2 stage 
probably will not be contracted out for 
many months. 

Simplicity of the Saturn booster op- 
eration is also illustrated by a rundown 
of the starting sequence for its eight en- 
gines and the operation of its launch 

Once the propellant loading opera- 
tion has been completed, a single sig- 
nal will start the eight engines almost 
simultaneously. The engines are started 
in facing pairs, with a built-in 250 milli- 
second delay between each pair so that 
the structure will not receive an asym- 
metrical load or the full 1.5-million-lb.- 
thrust at once. 

Starting signal to each engine ignites 
a solid propellant cartridge which brings 
its turbopump up to speed. When the 
pump builds the proper delivery pres- 



WIND TUNNEL model of the Saturn S-l booster used for hot 
firing tests at the Lewis Research Center has cluster of 250 lb. 
thrust engines. Pressure rakes on the base of the model (near 
the technician's hands) measure the flow velocity and boundary 
layer thickness in that area. Skirt of the booster has been indented 
around the outer gimbalcd control engines to reduce the dead 
air region and heated area on the base. Type of solid firewall 
across the base of the full scale booster is different from the test 
configuration on the model above and it is located near tire rocket 
engine nozzle throats. 



oxygen, as does each alternate tank in the cluster of eight which 
surrounds it. All structural loads arc carried by the thrust frame, 
the five liquid oxygen tanks and the "spider" at the top of the 
tanks which tics into the connecting structure to the stage above. 
Most of the telemetering equipment on the S-l will be located 
above the “spider." 
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OF SPACE TECHNOLOGY IN 

COMMUNICATIONS 


Lockheed's interest in developing the science of communications extends from the 
depths of the oceans to deep space. Its Missiles and Space Division research programs 
deal with the development and application of statistical communication and decision 
theory in such areas as countermeasures; telemetry multiplexing and modulation; 
scatter communications; multiple vehicle tracking; millimeter wave generation and 
utilization; sonic signal detection and processing; avoidance of multipath degradation: 
and interference avoidance. 

Associated research and development efforts are directed toward propagation 
studies and advanced antenna design; low noise amplifiers; vehicle borne signal trans- 
mission and reception, data storage and processing; solid state materials and devices. 

The scope of such activities extends from advanced studies of naval communica- 
tion problems on and under the oceans; the many applications to satellite vehicles: 
on to the specialized communication problems of deep space explorations. Latter 
needs are exemplified by high frequencies, low weight and power, high stability, low 
effective bandwidth, extreme reliability and basic simplicity requirements. 
Engineers and Scientists: Investigating the entire spectrum of communications is 
typical of Lockheed Missiles and Space Division's broad diversification. The Division 
possesses complete capability in more than 40 areas of science and technology — from 
concept to operation. Its programs provide a fascinating challenge to creative engi- 
neers and scientists. They include: celestial mechanics; communications; computer 
research and development; electromagnetic wave propagation and radiation; elec- 
tronics; the flight sciences; human engineering; magnetohydrodynamics; man in space: 
materials and processes; applied mathematics; oceanography; operations research and 
analysis; ionic, nuclear and plasma propulsion and exotic fuels; sonics; space medicine; 
space navigation; and space physics. 

If you are experienced in work related to any of the above areas, you are invited 
to inquire into the interesting programs being conducted and planned at Lockheed. 
Write: Research and Development Staff, Dept. E-17A, 962 W. El Camino Real, 
Sunnyvale, Calif. U.S. citizenship or existing Dept, of Defense clearance required. 

Lockheed missiles and space division 

Systems Manager lor the Navy POLA RIS FBM; 
the Air Force ACENA Satellite in the DISCOVERER, 

MIDAS and SAMOS Programs: Air Force X-7; and Army KINGFISHER 

SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA. CALIFORNIA 
CAPE CANAVERAL. FLORIDA • ALAMOGORDO. NEW MEXICO • HAWAII 
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MAND CONTROL SYSTEMS 



5TROMBERG-CARLSON 
a o , vision or GENERAL DYNAMICS 

1400 NORTH GOODMAN STREET • ROCHESTER 3, N. V 


TIME . . . vital element 
in our nation's defense. 

Response to attack 
must be immediate. 

The higher speed 
and greater range 
of more lethal weapons 
demand that Commanders 
of future military systems 
have a new degree of control 
that only electronics 
can provide. 

Before the command decision 
is possible, 

a mass of information 
must be gathered from 
far-flung defense elements, 
correlated, and presented 
to the Commander and his staff 
in readily understandable form 
. . . this is the function of the 
Command Control System. 

The speed and efficiency 
of this system must be such 
that it shall never 
have to be used of necessity. 

Stromberg-Carlson 
advanced developments 
in electronic transmission, 
processing and display 
of intelligence . . . 
the nucleus of 
a proven talent for 
Command Control 
Systems. 

Brochure on request. 



sure in the lines on its high pressure 
side, a hydraulic valve pops open to per- 
mit the propellants to flow into the in- 
jector system in the combustion cham- 
ber. The sudden pressure rise in the 
injector system ruptures a diaphragm 
and releases a charge of aluminum tri- 
ethyl into the combustion chamber. 

This liquid reaches the combustion 
chamber at the same time as the pro- 
pellants, and their reaction is hvper- 
golic. causing ignition. Build-up of 
thrust is very rapid in the H-l engine 
since the elaborate start controls have 
been eliminated. Engine starting and 
launch will take place in about 1.5 see. 

The eight-point hold-down mecha- 
nism on the launch stand will be trig- 
gered by instruments which measure 
the chamber pressure on the eight en- 
gines. When the chamber pressure of 
all of the engines reach full thrust 
value, four of the hold-down arms will 
slide back from the booster for about 
three feet. As these arms reach the 
limit of their travel along their tracks, 
they will strike a switch which, in turn, 
will release the final four hold-down 
clamps that operate on a flip-back prin- 
ciple. 

If the chamber pressure on any of 
the engines fails to make the normal 
rapid thrust acceleration to maximum 
pressure, the stop sequence, rather than 
the launch sequence, is automatically 
engaged. This stop sequence consists 
of just one signal to each engine which 
triggers a solid propellant cartridge that 
stops the turbopump. When the pres- 
sure in the propellant lines is lowered 
in this manner, the spring-type valve in 
the lines close. 

Thrust regulation in each engine is 
accomplished simply bv placing orifices 
in the fuel lines to the gas generator 
which powers the turbopumps and, in 
the high pressure propellant lines, to 
the combustion chamber. 

These orifices restrict the flow to that 
required to produce a given thrust. 
Thrust of the eight engines in each 
cluster will be closely matched through 
test running and calibration to select 
the proper-size orifices for their lines. 
This calibration procedure takes about 
two short firings for each engine. 

Liquid rocket engines on most of the 

elaborate fuel control system, although 
they cannot be considered to Ire 
throttleable. These engines have the 
same orifices on their lines but also have 
a control loop for the turbopump to 
regulate propellant flow to match any 
fluctuations in combustion chamber 
pressure and other engine operating 
parameters. The state of the art has 
progressed to the point where such con- 
trol systems are not necessary on the 
Saturn's H-l engines to damp out rough 
burning or other engine instabilities. 

After a successful flight by the 



Here is a man you should know 

he's a DELAVAN FUEL INJECTOR SPECIALIST 


James R. Brueker specializes in injection devices using flow controls. He's a 
Senior Project Engineer with Delavan. And during his six years of developmental 
experience, his products have become bill-of-material items on some of the 
world’s most advanced jet engines for aircraft and missiles. 

It’s specialized engineering talent like Jim Brueker’s that has made Delavan first 
choice for fuel injection problem solving. If fluid metering and atomization are 
part of your product, take advantage of Delavan’s specialized experience and 
proven ability to deliver aircraft quality. Send specifications to the address below 
for obligation-free recommendations. 
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Many of today's "space” metals have 
an affinity for contaminants at high 
temperature . . . making welding an 
extremely critical operation. The Budd Company 
— pioneer in welding techniques — has solved many 
of the problems of making reliable welds in such 
metals as zirconium, hafnium, beryllium, colum- 
bium, tantalum and molybdenum. 

Parts to be welded are placed in a vacuum 
chamber. The chamber is pumped down to .03 


microns, to rid the box of contaminants; then is 
immediately refilled with inert gas to atmospheric 
pressure. Net result: stronger, high quality welds 
— impossible with conventional methods. 

We are prepared to fabricate these materials 
today. Why not let us know how we can work with 
you? SpaceAtomics Division, The Budd Company, 
Philadelphia 32, Pa. 
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c-.m lie triggered simultaneously for all 
engines, either by command from the 
ground or automatically through instru- 
ments that measure the amount of pro- 
pellant left in the interconnected tanks, 

First phase of the Saturn recovery 
sequence has not yet been firmly estab- 
lished. Ideas under consideration for 
the first deceleration phase include 
plans to either trail a large balloon or a 
solid-type speed brake behind the 
booster by cables. The cover of the in- 
strumentation and control system com- 
partment on top of the booster above 
the propellant tanks also has been con- 
sidered for possible use as a speed brake. 

During the first phase of the recovers , 
the booster will have to be slowed down 
from Mach 4 or 5 to a speed between 
Mach 1.5 and 1. Then, the first phase 
deceleration device will be dropped, and 
a single ribbon-tvpe parachute will be 
used to reduce the booster’s speed to 
Mach 0.8 or 0.7. according to present 
plans. This parachute will then be 
dropped, and three 105 ft. dia. chutes 
will be deployed to slow the booster’s 
descent to 80 or 90 ft. per sec. 

This final vertical vclocitv will be 
removed by eight solid propellant rock- 
ets that will burn for slightly more 
than a second so that the booster will 
theoretically strike the water at zero 
speed if there is no wind to give it a 
horizontal velocity component. The 
eight solid-propellant deceleration rock- 
ets are ringed around the base of the 
booster just above the main engines. 
They will be triggered by a water-acti- 
vated switch suspended below the 
booster on a 100 ft. line. Design of the 
recovery system is being handled under 
contract bv Cook Electric Co., of Chi- 
cago. 

Water Impact 

On most missions, the booster will 
enter the water about 200 mi. down- 
range from the firing point at the Air 
Force Missile Test Center. Cape Ca- 
naveral: it will float easily through the 
buoyancy of its propellant tanks. A 
crane on a Navy Landing Ship-Dock 
will be used to lift the booster from 
water and place it on the barge that 
transported it from the Marshall 
Space Flight Center in Huntsville. 

Disassembly and cleaning of the 
booster engines will begin immediately 
in order to prevent corrosion damage. 
These engine parts, if they pass inspec- 
tion. will then be returned to the parts' 
inventory and used in the assembly of 
new engines. It is predicted now that 
almost all these parts, which represent 
a large portion of the booster cost, will 
be reusable. 

It also is believed that the propellant 
tanks, booster thrust structure and 
other parts of the airframe will sustain 
little damage and will be reusable. The 


tanks are being made of 54s6 aluminum 
alloy which welds and repairs easily, al- 
though it is not the optimum metal 
from a strength-to-weight ratio stand- 

Thc Saturn booster and its transport 
barge mav both be loaded aboard the 
LSD and taken to New Orleans to start 
the river journey back to Huntsville if 
any acceleration is required in the pro- 
gram. Several days may be saved in this 
way out of the predicted 17-day barge 
trip around the tip of Florida and up 
the Mississippi. Ohio and Tennessee 
rivers from the recovery area to the 
Marshall Center. 

Booster Assembly 

Current plans rail for the assembly 
and most of the parts fabrication for 
the 10 Saturn development vehicles to 
be carried out at the Marshall Center. 
If any subcontracting of the booster 
airframe begins prior to the construc- 
tion of the first operational vehicle 
—No. 11— it probably will involve the 
propellant tanks. NASA's primary con- 
cern before phasing-in industry con- 
tractors for the fabrication of Saturn 
booster parts will be to make sure that 
the configuration is finalized and that 
there will be no further changes to 
raise manufacturing and tooling costs. 

A large percentage of industry con- 
tracting is planned for the manufac- 
ture of the operational Saturn boosters. 
Final assembly of the operational boost- 
ers and tests of their functional systems 
probably will be conducted at Hunts- 
ville to reduce the load on the checkout 
and launch facilities at Cape Canaveral. 

Major portion of the development 
testing of the upper stages of the Sat- 
urn vehicles will be conducted by the 
industry contractors in charge of their 
design. A small liquid hydrogen fa- 
cility probably will be constructed at 
the Marshall Center, however, to per- 
mit government personnel there to be- 
come familiar with the problems of 
handling the propellant which will be 
used in all of the Saturn upper stages. 
Marshall Center officials believe that 
they must have personal knowledge 
of the technical problems Facing their 
contractors if they arc to retain their 
competence as managers. The liquid 
hydrogen fueling capability at Hunts- 
ville will allow the NASA personnel 
there to make a small contribution to 
the development testing of the Saturn 
upper stage engines. 

Structural design of the Saturn 
booster is of the rigid-wall-type in con- 
trast with the thin-wall. balloon or in- 
ternal pressure structure used on the 
Air Forcc-Convair Atlas ICBM. Sat- 
urn upper stages probably also will use 
this rigid design, with relatively heavy 
walled propellant tanks that have closely 
spaced internal ring frames to prevent 
local buckling of the tank skin. Two 
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For recording two variables 
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transistorized amplifier for each 
input signal. The rugged 2- 
channel recorder assembly has 
heated stylus recording on 
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6 inches of visible chart. 
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primary considerations influenced this 
basic structural decision for the Saturn: 

• Exact types of manned vehicles that 
will be carried on the front end of the 
Saturn have not yet been determined, 
if any of these vehicles have large wings, 
the bending loads on the Saturn struc- 
ture will be substantially increased over 
the loads experienced when the payload 
has a non-lifting shape. Rigid wall con- 
struction should permit a wider variety 
of payloads. Installation of the heavy 
connecting structure between the stages 
required during the boosting of winged 
v ehicles will be simplified by the rigid 
wall construction. 

• Weight savings also may be possible 
through use of the insulation material 
on the liquid hydrogen tanks as load- 
bearing structure. Several materials 
arc under study which apparently have 
good strength and insulation qualities. 
Glass-fiber-typc materials are among 
those being considered. Until recently, 
it was believed that a double wall tank 
with a vacuum space between them 
would be required to get the degree of 
insulation necessary to maintain liquid 
hydrogen fuel aboard a rocket. 

Ring frame supports inside the Sat- 
urn tanks also will serve as attach 
points for anti-slosh baffling. The pro- 
pellant slosh problem increases mark- 
edly as vehicle size is increased. 
Load-Carrying Members 

Saturn first-stage booster consists 
basically of a heavy thrust frame to 
which the eight engines are attached: 
eight 70-in.-dia. propellant tanks 
grouped around a center tank of 105- 
in.-dia., and a heavy eight armed 
"spider" frame on top of the tanks that 
will tic into the structure connecting 
the first stage to the second. The cen- 
ter tank and each alternate outer tank 
will carry liquid oxygen, the four re- 
maining outer tanks wall hold RP-1 fuel. 

All of the structural parts listed above 
will carry a portion of the thrust and 
bending loads, except for the four fuel 
tanks, which have a wall thickness of 
.090 in. and will be unloaded except 
for the forces imposed by the fuel. 
More than 60% of the thrust load will 
be carried by the center liquid oxygen 
tank which has a wall 0.25 in. thick. 

The diameters of the propellant tanks 
were selected to allow the use of the 
70-in.-dia. Redstone and 105-in.-dia. 
Jupiter tooling and welding machine 
installations at Huntsville. The Sat- 
urn tanks are longer, however, than 
those of the two missiles. The Red- 
stone tank is approximately -10 ft. long, 
for instance, and the outer tanks on the 
Saturn are about 52 ft. long. 

Two major aerodynamic problems 
with the Saturn C-l vehicle are base 
heating and stability. These problems 
are expected to be more severe as 


stages arc added and the vehicle be- 
comes longer in the C-2 and C-3 con- 

Flow pattern around the base of a 
missile has proved to be almost im- 
possible to predict for all combinations 
of forward speed and altitude, even 
when only one rocket engine is used to 
power the missile. The rocket exhaust 
interacts with the shock wave system 
trailing behind the missile and forms 
unpredictable dead air regions and tur- 
bulent mixing zones. 

The air trapped in these regions is 
heated by the exhaust and heats the 
base of the missile. In some eases fuel- 
rich exhaust flow from the rocket en- 


gine tnrbopump is caught in these areas, 
creating a fire and explosion hazard. 
The base flow and heating problem has 
been most unpredictable with missiles 
powered by several rockets. The eight- 
engine cluster behind the Saturn adds 
a new complexity to the problem. 

Design of the Saturn booster base 
region was accomplished at ABMA 
primarily through theoretical studies, 
cold flow tests with small models and 
hot firing tests of a booster model with 
eight 250-lb.-thrust engines in a wind 
tunnel at NASA’s Lewis Research Cen- 
ter at Cleveland. 

As a result of these efforts, the Sat- 
urn booster design includes the fol- 
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Titanium trims DC- 8 airframe 

(equals 5 passengers, or ’/ 2 -ton of freight .. .for life!) 




tize base heat- 


lowing features to mi 

• Skirt around the engines was in- 
dented considerably between the four 
gimbaled control engines on the out- 
side of the cluster. This directed large 
streams of high energy air around the 
four center engines to prevent dead air 

• Ileavy firewall was placed across the 
base of the booster at approximately 
the throat sections of the engines. This 
highly-refleetive gold-plated firewall 
does not fit tightly around the engines 
and loose, bellows-like skirts made of 
quartz-fiber cloth and attached to the 
firewall and the engines keep hot air 
from flowing back around the turbo- 
pumps and the propellant feed lines. A 
small firewall also has been placed be- 
tween the nozzles of the four rigidlv- 
mounted center engines at the nozzle 
exit areas. This prevents over-heating 
in the small space between the nozzles. 

• Turbopump exhaust flow from the 
four center engines is piped to the out- 
side of the booster skirt and dumped 
into an area of constant high velocity 
air flow. Aspirators are used on the 
nozzles of the gimbaling engines to mix 
the turbopump exhaust with the en- 
gine's main exhaust flow. If this sys- 
tem had not been used, the turbopump 
exhaust pipe would require a bellows 
joint which would allow the pump to 


Lenin Space Prizes 

Moscow— Lenin prizes have been 
awarded to Soviet physicists Sergey Ver- 
nov, Aleksandr Chudakov, Shrnaya Dol- 
ginov and Nikolay Pushkov for discover- 
ing and studying earth's outer radiation 

tribntion of charged particles; and for 

news agency Tass. ? They discovered 
that there is an area near the earth's 
poles that is free of radiation particles. 
Tass said. 


gimbul with the combustion chamber. 

It is possible that flight tests will 
show that the present design will not 
completely protect the base of the 
booster from excessively high tempera- 
tures. One of the fixes that probably 
will be tried if this situation arises 
will be the use of air scoops near the 
bottom of the propellant tanks to 
direct more high speed air flow in 
around the center engines. Use of air 
scoops is difficult, however, because the 
inlet area required for maximum flow 
changes with speed, altitude and pres- 
sure at the exhaust point. It is en- 
tirely possible to have reverse flow 
through such duct systems during some 
flight conditions. 


Extremely large rockets such as the 
Saturn 'chicles are highly unstable. The 
center of gravity of the Saturn C-l is 
located on the heavy booster, and the 
center of lift under most flight situa- 
tions is several meters forward of the 
center of gravity on the light upper 

Problem of controlling a large un- 
stable vehicle of this type with gimbal- 
ing engines is more complicated than 
for the ICBM-size vehicle. The natural 
frequency of the big vehicle is low and 
approaches the natural frequency of the 
avionic control system for the engines. 
When the control engines move slowly 
to correct the motions of the vehicle, 
it is possible for them to get out of 
phase with the signals that control 
them so that the motions are amplified 
rather than damped out. 

If the control engines move too 
rapidly, it is possible for the mass ef- 
fects of their movement to cancel out 
the control effect of the change in 
thrust vector direction. Mass effects 
can get ahead of thrust vector effects. 

llicse problems arc typical of those 
facing the designers of the servo con- 
trol system for the gimbaled engines on 
the Saturn booster. This control sys- 
tem will have to be of a more advanced 
type than the other servo control sys- 
tems used on aircraft and missiles and 
these circuits are now in design. 


BENDIX SR RACK 
AND PANEL CONNECTOR 

with outstanding resistance 
to vibration 

The Bendix type SR rack and panel electrical connector 
provides exceptional resistance to vibration. The low 
engagement force gives it a decided advantage over 
existing connectors of this type. 

Adding to the efficiency of this rack and panel con- 
nector is the performance-proven Bendix "clip-type” 
closed entry socket. Insert patterns are available to 
mate with existing equipment in the field. 

Available in general duty, pressurized or potted 
types, each with temperature range of — 67°F to +257°F. 

Here, indeed, is another outstanding Bendix product 
that should be your first choice in rack and panel 
connectors. 
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The moment of truth for a missile occurs at the instant of detonation 
and the C.O.D. we speak of is Confidence of Detonation. 


For programmed detonation, missile fuzing in all of its complex 
phases . . . safing, arming, firing . . . must provide the ultimate in 
RELIABILITY and PRECISION. To achieve these goals in such a highly 
specialized field, Reeves has established a separate plant area, 
fully staffed and equipped, and devoted exclusively to the design, 
development and fabrication of advanced fuzing components and systems. 



Whether your requirements are for complete fuzing systems 
or precision subassemblies, it will be worth your while to contact Reeves. 



REEVES INSTRUMENT CORPORATION 

A Subsidiary of Dynamics Corporation of America 
Roosevelt Field, Gorden City, New York 





Marquardt Advanced Nuclear Systems for Air and Space 


MARQUARDT 
EXPANDS WORK ON 

"PLUTO" 




Broadened team effort with University of California's Lawrence Radiation Laboratory aims 
toward early feasibility demonstration of a nuclear ramjet reactor (Project PLUTO). 


A supersonic, low-altitude missile capable of weaving, 
feinting and dodging unobserved by conventional radar 
while seeking out selected targets — this is to be the 
mission of the Air Force’s proposed nuclear ramjet- 
powered vehicle of virtually infinite range. 

As an integral part of the team which is contributing 
to this country’s all-out race for supremacy in weapons, 
Marquardt is working with the University of Califor- 
nia’s Lawrence Radiation Laboratory on the nuclear 
ramjet program, known as Project PLUTO. 

Marquardt’s basic PLUTO effort concerns prelim- 
inary design of the nuclear ramjet and development 
of airborne reactor controls and other components 
for severe temperature and radiation environments. 
The mult i-million dollar program supports a multi- 
phase corporale effort headed by the Nuclear Systems 
Division. 

Other aspects of Marquardt’s PLUTO effort include: 
support of LRL’s feasibility tests on the non-flyablc 
Tory IIA reactor; design and fabrication of significant 


portions of the reactor’s control system, air ducts, flow 
instrumentation and remotely operated disconnects; 
fabrication and test of reactor core structural compo- 
nents; architect-engineering on the test air supply 
system: participation in a supporting program of 
environmental tests; and preliminary design of test 
facilities for full-scale power-plant development. 

Highlights of the Corporation’s other current nuclear 
programs include : exploration of both military and non- 
military applications for transportable reactors of 
advanced design, including their use for space power; 
development of the engine control system for the G-E 
nuclear turbojet; research studies of advanced space 
propulsion devices utilizing nuclear concepts; materials 
and processes work with molybdenum, other refractory 
metals and ceramics; and development of original 
nuclear instrumentation. 

For a copy of Marquardt's new ' Nuclear Systems" brochure, write 
to Mr. Aikman Armstrong. Chief Applications Engineer-Nuclear Systems. 
The Marquardt Corporation, Van Nuys, California. 


THE NUCLEAR RAMJET 



Nuclear Systems Division of The Marquardt Cor- 
poration is engaged in a continuing search for 
engineers and scientists capable of contributing 
advances in nucleonics state-of-the-art. Current expan- 
sion within this division creates challenging oppor- 
tunities for: REACTOR PHYSICISTS • CERAMICISTS • 
NUCLEAR ENGINEERS • METALLURGISTS. 

Qualified men are invited to contact: Mr. Floyd 
Hargiss, Manager, Professional Personnel, The Mar- 
quardt Corporation, 16555 Saticoy St., Van Nuys, Calif. 


NUCLEAR SYSTEMS DIVISION 



/ CORPORATION 


16555 SATICOY STREET. VAN NUYS, CALIFORNIA 


ASTRO ♦COOPER DEVELOPMENT DIVISION 
♦ OGDEN DIVISION ♦ POMONA DIVISION 
♦ POWER SYSTEMS GROUP 

CORPORATE OFFICES: VAN NUYS, CALIFORNIA 


TAKE A GIANT STEP 


...into your future and seek out the professional opportunities 
awaiting creative engineers and scientists at Martin-Denver. . . 
For here exists the most challenging problems in space and 
human engineering. Join with us and communicate with N. M. 
Pagan. Director of Technical and Scientific Staffing (Dept. 
CC-IO), The Martin Company, P. O. Box 179, Denver 1, Colo. 
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McGRAW-HILL 
TECHNICAL WRITING 
SERVICE 


TWS offers you a single 
INTEGRATED publishing 
service prepored to under- 
take a project from research 
and planning through fin- 
ished manuscript and ort, 
typesetting, mechanical 
preparation, printing and 
binding. Whatever the situ- 
alion, whatever the type of 

help you, bringing to your 
most specialized job the 
craft and skill of publishing 
experts. 
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MISSILE ENGINEERING 


Machining Improvements Cut Man Horn's 


By Michael Yaffee 

New York— Improvements in machin- 
ing over the next decade are expected 
to cut man-hour requirements in half 
and enable aerospace manufacturers to 
work high temperature, high strength 
materials with speed, precision and low 
cost not now possible. 

In the fabrication of high speed air- 
craft, missiles and space vehicles, air- 
craft manufacturers are using a host of 
new, high strength metals and alloys 
that are prov ing difficult, expensive and, 

conventional machining processes. 

To overcome these drawbacks, indus- 
try and the Air Force, particularly the 
Air Materiel Command's Manufac- 
turing Methods Division, are carrying 
out an extensive program aimed at the 
development of new machining tech- 
niques and equipment. This program 
has now begun to pay off in a number 
of promising new developments. 

Among the more prominent of these 
new material removal developments are 
the following: 

• Hot machining. Conventional tools, 
such as carbide cutters, are used. The 
work material is heated (probably by in- 
duction heating) just ahead of the cut- 
ter so that it is much weaker than the 
parent metal. This method can be used 
on high strength steels, super alloys and 
the refractory metals. In addition to en- 
abling fabricators to machine the "un- 
machineable” high strength metals, the 
technique has already tripled cutting 
speed and, over the next 10 years, may 
increase permissible cutting speeds by 
another 100%. Still in the research and 
development stage, hot machining is 
being investigated by The Cincinnati 
Milling Machine Co. under an AMC 
contract. 

• Ultra high speed machining. Nor- 
mally. as cutting speeds increase, tool 
wear also increases. But there is some 
indication— highly disputed and de- 
fended-that beyond a "valley of death” 
(a cutting speed range in which tool 
temperatures and cutting forces become 
abnormally high) that tool temperatures 
and wear begin to decrease. Since 195S, 
Lockheed Aircraft has been investigat- 
ing machining speeds above the cur- 
rently accepted limit of 1 5,000 fpm. 
under an AMC contract. The approach 
has been to use guns which shoot work 
pieces across fixed tools. Some acknowl- 
edged machine tool authorities say this 
program is a wasted effort because the 


original idea didn’t take into account 
the buildup of inertia forces. Others, 
such as Cincinnati Milling's Dr. Eugene 
Merchant, believe the idea is worth in- 
vestigating for possible long-range pay- 
off. As Dr. Merchant reported at the 
recent Society of Aeronautical Engi- 
neers National Aeronautic Meeting, the 
only way to find out what happens at 
these ultra high machining speeds is 
through experimentation, since there is 
no experience to use as a guide. 

• Chemical milling. This technique, 
in which chemical etchants are used to 
remove metal, is now being used ex- 
tensively in the aircraft industry in the 
fabrication of aluminum and magne- 
sium airframe components. Although a 
comparatively slow method of removing 
metal, it offers the advantage of being 
able to work precisely over a broad 
expanse of material at one time. Be- 
cause there are no cutting tools in- 
volved, there is no tool wear as such. 
Too. chemical milling is not limited 
by the strength of the material. To 
some extent, it is being used on high 
strength steels and super alloys. But the 
use of chemical milling on high 
strength materials is still more of a de- 
velopment effort than a production op- 
eration and will be until such problems 
as embrittlement and uneven etching 
can be solved. 

• Electrolytic grinding. In this process, 
which is now a commercial operation, 
a metal-bonded abrasive wheel is used 
along with an electrolyte. The abrasive 
wheel and work piece are connected to 
a current source and a potential is estab- 
lished between them. The bulk of the 


metal is removed by electrolysis (de- 
plating) with the abrasive serving pri- 
marily as a scrubber and spacer to 
remove waste and to prevent shorts. 
Essentially a cold operation electrolytic 
grinding does not produce any thermal 
effects. Forces on the work piece arc 
reduced and tool life is increased. Also, 
the process offers a higher metal re- 
moval rate than conventional grinding 
and will work on high strength metals, 
as long as they are electrically conduc- 
tive. 

• Electrochemical machining. Like 
electrolytic grinding, this process re- 
moves metal by electrolysis or deplating, 
but it does so without the use of 
a grinding wheel and so is not limited 
by the geometry of the grinding proc- 
ess. This process, which can be con- 
sidered either as an electrical assist to 
chemical milling or a simplification of 
electrolytic grinding, is closer to a uni- 
versal machining process, says Dr. Mer- 
chant. It also possesses the potential of 
a higher metal removal rate. This rate 
is directly related to the amount of cur- 
rent used but in practice would be 
limited by the amount of heat gener- 
ated. Electrochemical machining will 
work well on very high strength ma- 
terials that are conductive; and its rate 
of penetration is expected to jump at 
least fourfold in the next decade. At 
the present time, this process is es- 
sentially still in the development stage. 
Among other things, there is a need for 
controls to give the process preciseness, 
for suitable electrolytes and for an im- 
provement in surface finishing. 

• Electron beam machining. This is a 
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How the Navy gives its Jet Cadets a leg up 


Today's jet cadets can receive more flight training in 
less time than ever before in history thanks to the most 
efficient jet trainer ever devised. It is the T2J Buckeye, 
developed for the Navy by the Columbus Division of 
North American Aviation. 

The T2J is built around one idea : the idea of cover- 
ing all phases of cadet flight training with one airplane 
so that there is no time lost in becoming familiar with 
the characteristics of a succession of trainers. From pri- 
mary right through carrier indoctrination, the Navy is 
now able to train pilots for Mach 2 aircraft in the same 
time that it took to train them for the 360 mph aircraft 


of World War II. And do it more safely. 

T2J statistics : top speed 500 mph, landing speed 85 
mph, dives safely at Mach 0.85. Ceiling 40,000 ft., range 
840 nautical miles. Jet engine can be removed in 7 min- 
utes, replaced in 20. Electronic systems shelf-mounted 
for prompt replacement, AC consoles on one side, DC on 
other. Rocket-catapulted seat ejection functions from 
deck level to any altitude, and has already saved lives of 
naval personnel. 

The T2J is the only trainer designed to give Navy 
pilots the versatile training they need to command the 
Navy’s future manned weapons systems. 


THE COLUMBUS DIVISION OF NORTH AMERICAN AVIATION, INC. 



PLASMA jet (top) and fluid jet (below) 
machining hold promise for the 1970 period. 


commercial process that has just re- 
cently been introduced in this country. 
There is no cutting tool involved in 
this operation, only a concentrated 
beam of high energy electrons which 
vaporizes metal away at the impact 
point of the beam on the workpiece. 
Stock removal rates are comparatively 
low, but the method will work on all 
materials regardless of strength or other 
properties. Also, it will do very intricate 
machining with a very high degree of 
accuracy. Consequently, says Dr. Mer- 
chant, it may well be the forerunner of 
specialized devices having important 
application in the intricate precision 
machining problems entailed in the 
fabrication of future aerospace vehicles. 

• Electro-discharge machining. In this 
operation, the work piece and tool elec- 
trodes arc separated by a rapidly circu- 
lating dielectric fluid. Voltage between 
the two is increased until sparking oc- 
curs at the rate of 20,000 to 300,000 
dischargcs/sec. Each spark removes a 
small piece of material that is swept 
away by the dielectric, resulting over- 
all in a fairly rapid and large amount 
of erosion or metal removal. An estab- 
lished commercial process, electro- 
dischargc machining works well on 
electrically conductive, high strength 
materials and can produce intricate 
shapes with no forces on the work piece. 
The process is not as fast as electro- 
lytic grinding but is reported to be five 
times faster than conventional machin- 
ing in removing stock from high 
strength materials such as tungsten, car- 
bides, cobalt and high speed tool steels. 

• Ultrasonic machining. This now is a 
commercial process. Although slow in 
comparison to electrical machining 



Featuring a high ratio of O. D. to wid 
were originally designed for use in 
developed under the MPB policy of ’ 


» MPB high-precision bearing. 







the use of MPB thin-width bearings. Made to ullro-precision tolerances of 
ABEC Class 7, they ore ovoilable in nine sizes, with O.D. s from .2750" to 
.5000" ond bores .0937" to .1875". The new thin-width instrument bearing- 
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This is 

SYLVANIA ELECTRONIC SYSTEMS 

now serving as 

Government systems managers 
for all subsidiaries of 

General Telephone & Electronics Corporation 

Offering single source capabilities for integrated 
Communications — Data Processing— Electronic Display Systems 



Now Sylvania— long experienced in the field of defense systems research, development and production- 
offers this far more comprehensive yet unified source of systems management and capability. Systems- 
oriented in concept and personnel, Sylvania Electronic Systems now integrates under one direction all the 
skills and facilities of one of the worlds leaders in communications and electronics— General Telephone & 
Electronics, and its subsidiaries, including: 

SYLVANIA ELECTRIC PRODUCTS INC. • AUTOMATIC ELECTRIC COMPANY 
GENERAL TELEPHONE & ELECTRONICS LABORATORIES INC. • LENKURT ELECTRIC CO., INC. 

GENERAL SYSTEM OPERATING COMPANIES of General Telephone & Electronics 
LEICH ELECTRIC COMPANY • ELECTRONIC SECRETARY® INDUSTRIES. INC. 

HOW SYLVANIA ELECTRONIC SYSTEMS BENEFITS YOU: Sylvania Electronic Systems makes it 
possible to obtain complete defense systems of the highest quality, of specified performance, delivered on 
schedule at competitive costs. When you work with Sylvania Electronic Systems you enjoy the many 
advantages of: 

One.Souroe Procurement ■ One-Source Authority and Responsibility 



Communications Systems 


SYLVANIA ELECTRONIC SYSTEMS otters skills 
and experience covering the complete electro- 
magnetic spectrum in the media of air, space, 
water, ground. This integrated systems group in- 
cludes the capabilities of the 32 domestic and 
international telephone operating companies in 
the General System. This group otters the most 
advanced equipment and development capabil- 


ities in dial telephone systems, automatic 
electromechanical and electronic switching 
systems, central office and terminal equipment, 
toll and exchange voice, telegraph, and data 
carrier transmission systems for wire, cable and 

radio systems and advanced low detectability 
and secure communications systems. 


Data Processing and Display Systems 


Sylvania leadership in digital data processing is 
typified by its most recent achievement: design 
and development of MOBIDIC. This solid state, 
mobile computer will give field armies real-time 
solutions to many intelligence and reconnais- 
sance problems, almost instantaneous answers 
to operational problems involving logistics, inven- 
tory control, etc. Sylvania has also pioneered in 


developing electronically driven electrolumines- 
cent display equipments and systems. SYLVANIA 
ELECTRONIC SYSTEMS has subsystem manage- 
ment and development responsibility for the 
data processing portion of the Air Force BMEWS 
program, including new and advanced concepts 
of 3-dimensional data take-off circuitry and 
equipment. 


Detection and Tracking Systems 


SYLVANIA ELECTRONIC SYSTEMS has an ad- 
vanced capability in high resolution, electron- 
ically scanned radar. Example: Sylvania has man- 


agement and development responsibility for the 
Army's AN/MPQ-32, a mobile artillery detection, 
tracking and fire control system. 


Intelligence and Reconnaissance Systems 


In recent years, Sylvania has developed numerous 
types of broadband receivers, signal analyzers, 
and sensing devices across the entire spectrum. 
Advanced anti-intrusion devices are now under 


development. In addition, Sylvania is develop- 
ing and managing several other highly classified 
programs in this area. 


Electronic Warfare Systems 


Sylvania leadership in electronic warfare is 
typified by its advances in countermeasures and 

types of electromagnetic radiation. Sylvania 


manages the passive defense system for the 
8-58, and maintains a quick-reaction capability 
and facility for Army ground-based electronic 
warfare activities. 


FOR FULL INFORMATION on how Sylvania Electronic Systems might be of special serv- 
ice to you, please call or write Sylvania Electronic Systems, a Division of Sylvania Electric 
Products Inc., Waltham, Massachusetts. 


SYLVANIA ELECTRONIC SYSTEMS 

Government Systems Management / 

GENERAL TELEPHONE & ELECTRONICS^ 



.aboard the Navy’s first nuclear-powered cruiser, the Long Beach 



Fire Control by SPERRY 


When the Navy’s first nuclear-powered 
surface ship— the uss long beach— joins 
the fleet, she will have a cruise capability 
of better than 30 knots, with virtually 
unlimited range, and she will be armed 
with the surface-to-air Talos and Terrier 
missiles. The most advanced ship of her 
kind, the “CGN-9” will have the most 
advanced shipboard missile control 
equipment: Sperry. 

Forward, Sperry SPG-55 missile- 
guidance radar directs the Terrier mis- 
sile. Aft. Sperry SPG-49 super-radar 


controls the longer range Talos missile. 
Amidships, and in the protected below 
deck region, are the brains of the sys- 
tems, the computer complex. The Sperry 
Weapon Direction Equipment (wde) 
evaluates target threat and decides which 
missile to fire at the selected target. The 
Sperry Mk 111 computer reads target 
position data from the SPG-49, calcu- 
lates the best missile-to-target flight 
path, and positions the guidance beam 
generated by the Sperry SPW-2 Radar. 
Then it evaluates “kills." 


With her combination of speed, range, 
firepower, and advanced Sperry fire con- 
trol and navigation equipment, the long 
beach will make a formidable argu- 
ment for peace when she joins the fleet. 

SPERRY 


SURFACE ARMAMENT DIVISION, SPERRY GYROSCOPE COMPANY. DIVISION OF SPERRY RAND CORPORATION. GREAT NECK, NEW YORK- 
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methods, it offers the advantage of work- 
ing on non-conductive materials as well 
as on those that are conductive. Also, it 
works well on brittle materials. Basic 
elements in ultrasonic machining are a 
shaped tool and an abrasive slurry. The 
surface of the tool is vibrated at high 
frequency and low amplitude and drives 
the abrasive at the work piece. The 
abrasive nicks particles out of the work 
piece, following the pattern of the driv- 
ing force or shaped tool itself. 

Jet Methods 

For the future, two machining meth- 
ods that now appear to hold much 
promise are the plasma jet and the 
high velocity liquid jet. While it is still 
to early to evaluate these techniques. 
Dr. Merchant and others believe that 
they merit feasibility studies to explore 
the full potential they offer in them- 
selves or as forerunners of new machin- 
ing methods for the 1970 period and 
beyond. 

The plasma jet basically is a highly 
constricted beam of ions. An arc is 
struck between an anode and a cathode. 
The fluid, gas or liquid, surrounding the 
cathode cools the outer area of the are 
and forces the current flow into a nar- 
row beam in the center of the arc. 
In effect, the fluid also serves as an in- 
sulating and stabilizing tube around 
the constricted arc that in one applica- 
tion comes out through an opening or 
nozzle in the cathode. As it emerges, 
the plasma jet is at temperatures above 
10.000F, sufficient to vaporize anv 
known material. Hie jet cuts through 
metal plates rapidly and reportedly 
produces a much cleaner cut than con- 
ventional flame cutting. As a cutting 
(and plating) tool, the plasma jet is 
already being marketed bv Linde Co., 
a division of Union Carbide. But this 
technique is believed to have a machin- 
ing and metalworking potential well be- 
yond its present application. 

High Velocity Jet 

The high velocity liquid jet. still in 
the early exploratory stage, is a mechani- 
cal approach that appears to have prom- 
ise for machining non-conductive ma- 
terials, particularly the ceramics. Scien- 
tists. following the lead of nature in 
the effects produced by raindrops on 
high speed aircraft, have demonstrated 
that water driven at supersonic speeds 
against high strength steel will pit and 
erode the metal. The question, says 
Dr. Merchant, is whether the rate of 
metal removal can be raised to a com- 
mercially useful level by, say, injecting 
abrasive into the water jet. 

In evaluating any machining method, 
the rate of stock removal is generally ac- 
cepted as the most important parame- 
ter. This relates directly to overhead 
and labor costs. More specifically, as 
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semiconductor networks 


f industry's expectations — 


ments for many of your high-reliability miniaturized systems! 
Solid Circuit networks are a major departure from conven- 
tional components because they integrate resistor, 
capacitor, diode, and transistor functions into a single 
high-purity semiconductor wafer. Protection and packaging 
of discrete elements is eliminated, and contacts between 


Only a few process steps and time-proved TI mesa produc- 
tion techniques permit a high degree of process control 
in Solid Circuit network fabrication. The result of these 
facts: reliability is built into each Solid Circuit network. 
If you need to reduce equipment size and weight — or to 
design a more complex system in the same size — inves- 
tigate Solid Circuit networks for your missile, satellite, 
space vehicle, and other microelectronic programs. ' 
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pointed out in Lockheed's report on 
ultra speed machining, if present meth- 
ods of machining are not improved, it 
would take four to 10 times the amount 
of machines, floor space and manhours 
to build a high performance airplane 
out of high strength, themially-resistant 
alloys as it now takes to work aluminum 
allow. At the present time, aluminum 
and magnesium alloys are the most 
easily and rapidly machineablc of all 
aircraft materials. In some instances, 
of course, where the job can't be done 
another way or as well— for example, 
drilling with an electron beam— cost be- 
comes a secondary consideration. 

While these new machining devel- 
opments arc of value to many indus- 
tries. their greatest importance is gener- 
ally agreed to be for the aircraft and 
missile field, where the number of fab- 
ricating problems are getting bigger and 
the production runs smaller. This and 
the importance of the work to future 


United States space and military efforts 
are the main reasons for government— 
Air Force, in particular— sponsorship of 
much of this work. 

Without the many development con- 
tracts from AMC’s Manufacturing 
Methods Division, declares one indus- 
trial machinery representative, some of 
today's advanced flight systems might 
have to be built largely by hand, if they 
could be built at all. While informa- 
tion out of Russia is spotty, it is gener- 
ally felt that machining developments 
in the Soviet Union are at least on a 
par with the work in this country. 

The outlook for continued improve- 
ment in machining methods here is an 
optimistic one. Beginning with power- 
feed in 1820, Dr. Merchant points out, 
the trend of manhour requirements has 
moved steadily downward. From ap- 
proximately 1935 on, required man- 
hours have been cut in half every 10 
years and shows no sign of leveling off. 



Able Star Propulsion System Prepared for Firing 

Aerojet-General technicians prepare the Able Star propulsion system for test firing at the 
company's Liquid Rocket Plant. Sacramento. Calif. Tire liquid-fueled second stage was 
used with the Thor missile to orbit ARPA-Navy Transit satellite. Able Star is the first pro- 
pulsion system to employ precision guidance and an engiue with restart capability. 


TEFLON 

TUBING 
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electrical 

P _ 

For toughness and flexibility over 
the wide range of — 90°C to 250°C, 
as well as chemical inertness, non- 
flammability, abrasion resistance, 
zero moisture absorption — and of 
course superior electricals — you 
know to choose TEFLON* tubing. 
And for precision manufacturing 
and inspection, Teflon and other 
tubings bearing the FLEXITE label 
conform to Markel's high standards 
of excellence. Ask for samples. 
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anywhere 


The systems of tomorrow will require 
digital computers that can think any- 
where— intellects that will remain su- 
perior in any environment. 

ARM A — already producing iner- 
tial guidance systems for the ATLAS 
ICBM —has accepted the challenge 
and developed a lightweight, second- 
generation digital computer appli- 
cable to all types of navigation. It 
can be used in space, atmospheric, 
surface, subsurface and ground navi- 


gation, making possible programming 
flexibility. 

This all-solid state computer, with 
no moving parts and using silicon 
semiconductors exclusively, has a 
memory that is non-volatile and has 
non-destructive readout. And this 
computer has substantially fewer parts 
than ARMA's first-generation pro- 
duction model, which has a test per- 
formance unequalled by any other 
digital computer. 


An even more sophisticated third- 
generation computer, surpassing the 
reliability of the first two with still 
less weight, will be produced in the 
future by ARMA. The reliability of 
all three generations will be assured 
by thorough testing in ARMA’s en- 
vironmental facilities— the most com- 
plete in the industry. 

ARMA, Garden City, N. Y., a 
division of American Bosch Arma 
Corp. . . . the future is our business. 


BOSCAf /AB/tf/9 COBf>OB/STfO/V 
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Atlas Agcna for Project Midas will be fired from this pad complex at Navy’s Pt. Argucllo Pacific Missile Range facility. 


Atlas Agenas Will Be Fired From Pt. Arguello 


Navy spokesman at Pt. Arguello said that 
the facility also is the site for Project Sun- 
flare launches to study the effects of solar 
flares (AW Apr. -4, p. 26) and for upper at- 


AVIATION WEEK, Moy 9, 




82 



Tomorrow’s manned interceptor aircraft - 
and even faster ones of the future -require 
radar navigation, target acquisition, arma- 
ment control and electronic counter-meas- 
ures systems of vastly greater scope and 
dimension than ever before. 

To fulfill this critical requirement Hughes has devel- 
oped a new advanced radar system which embodies 
many significant state-of-the-art advances. One of 
the most significant is a unique and highly advanced 
Traveling Wave Tube developed in the Hughes Labo- 
ratories. This tube’s two outstanding advantages: 
1) higher power to provide greater range: 2) broad- 
er frequency band width for operational flexibility. 
In addition, this new Hughes radar system will 
discriminate against ground return and will detect 
targets at extreme ranges. Designed to operate in a 
“hard” counter-measures environment, the system is 
radar augmented by infrared detection and tracking. 



Heart of the new Hughes radar system is this Traveling 
Wave Tube which provides greater power and a broader 
band width. 


This radar system is the latest of a series of pace- 
setting Hughes systems. The Hughes E-l was the 
first all-weather interceptor radar system ever devel- 
oped. The Hughes E-4 system first made possible the 
rocket lead-collision attack. The Hughes E-9 and 
MG series systems were first to automatically stage 
and fire advanced air-to-air guided missiles. And the 
Hughes MA-1 system first provided complete control 
of aircraft from take-off to touch down. 

Although over 16,000 all-weather interceptor systems 
have been produced to date. Hughes’ radar experi- 
ence is not limited to interceptor systems. For the 
Army and Navy, Hughes is producing surface-based 
3-dimensional radar systems which utilize electronic, 
rather than mechanical scanning methods. And the 
Hughes TARAN system utilizes a high-resolution 
radar which makes it possible for pilots to fly tacti- 
cal missions at low altitudes, in any kind of weather! 
Foreseeing the needs of the future — and being the 
first to provide for them — is a deeply ingrained tra- 
dition at Hughes. Perhaps we can help you solve 
some of your radar system problems. Please write: 
Hughes Advanced Program Development, Marketing 
Department, Hughes Airborne Systems, Culver 
City, California. 

Creating a new world tvith ELECTRONICS 


HUGHES 


HUGHES AIRCRAFT COMPANY 

Culver City. El Segundo, Fullerton, Newport Beach, 
Malibu, Oceanside, Los Angeles, Calif.; Tucson, Ariz. 
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WHY YOU SHOULD 

PROGRAM 

YOUR 

TESTING 

THIS BETTER WAY 


WITH EECo's UNIQUE 
80-BIT BI-DIRECTIONAL 
PUNCHED TAPE PROGRAMMER 



For automalic programming of 
test equipment, the EECo TP-201 A offers 
these decisive advantages over stepping 
switches or single-line 8-bit programmers: 



(a) Far more elaborate programs can be automated... up to 
240,000 bits per reel, presented at 80 bits per step, (b) Random 
or sequential access to any of the 3000 frames on each 250-foot 
tape, (c) Provision for visual selection of program step. (Printed 
information on tape correlates with punched information), 
(d) Reduced training time and skill requirements for tape punch 
personnel, (e) Programs can be stored and re-used, (f) Small 
size panel is 6"xllMf depth below panel 5Xt" 


Tough Mylar tape contributes to improved reliability. No special 
punch needed. Bi-directional electrical drive system. Positive 
detent action for accurate positioning of tape. 


Other models available for automatic programming, process con- 
trol, and precision time base programming. Write for data sheet. 


Anaheim Electronics Division 

Electronic Engineering Company of California 

1601 Ensl Chestnut Ave.. Santo Ana, Calif.. Kimberly 7-5501 ■ TWX: S ANA 52 ' - 


Joint R&D Effort Made 
On Hybrid Rocket 

Grand Central Rocket Co. and the 
Marquardt Corp. are conducting a joint 
research and development program on 
the hybrid rocket motor. The company- 
funded program is concentrated on the 
development of a high-performance, 
flexible propulsion system, a combina- 
tion of the solid and liquid fuel. 

Grand Central has cast 52 solid pro- 
pellant hybrid motors and transported 
them to Marquardt where they were 
combined with the liquid oxidizers and 
successfully test fired. The hybrid 
motor combination consists of three 
major parts: 

• Liquid oxidizer storage tank. 

• Solid propellant grain. 

• Ignition throttling device. 

Gas is transmitted under pressure to 
the liquid oxidizer storage tank. The 
atomized oxidizer flows from the storage 
tank into the combustion chamber, en- 
abling hypergolic ignition and stable 
burning of the solid propellant grain 
in the chamber. 

An off-on control system regulating 
flow of the liquid oxidizer permits 
thrust and maneuverability of the rocket 
to be controlled. 

SAC Fires Allas ICBM 
From Horizontal Pad 

Vandenberg AFB, Calif.— Operational 
Atlas intercontinental ballistic missile 
has been fired in the first Strategic 
Air Command combat training launch 
to be conducted from a horizontal stor- 
agepad. 

The storage pad resembles a coffin 
and is a rectangular-shaped concrete 
building with a steel sliding roof. 

The Atlas ICBM was launched by 
a SAC crew from a Vandcnberg-trained 
class of missilemen who will man the 
564th SAC Missile Sqdn. at Francis 
E. Warren AFB, Cheyenne. Wvo. The 
shot also was the first to employ the 
refined MOD III radio inertial guid- 
ance system which will be used in hori- 
zontal launch complexes. 

Rocketdyne Has Achieved 
Controlled Thrust Motor 

North American Aviation’s Rockct- 
dync Division at McGregor, Tex., has 
achieved controlled thrust variation of 
a solid propellant rocket motor in a 
company-sponsored research program. 
Engineers with the division's solid pro- 
pulsion operations have designed and 
test fired a new controllable nozzle that 
effectively varied the thrust of a solid 
propellant motor 70%. Thrust was first 
lowered, then increased over the ap- 
proximate range of 700 to 1.200 lb. 
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FOR THE AIR FORCE, MSVD 


missileoJand space 

as. VEHICLE 


...center for missile and space technology research 
and development at Genera! Electric 


Progress in space vehicle navigation 


As space vehicles probe further and further away 
from the Earth, and as their missions become 
more and more complex, the need for accurate, 
high-precision space navigation and control 
becomes increasingly vital. 

General Electric Missile and Space Vehicle 
Department engineers are now developing and 
testing space vehicle control equipment for the 
24-hour-orbit communication satellite program. 
They have already designed and flight-tested on 
space vehicles a three-axis stabilization system as 
well as orbit computation and correction tech- 
niques. Using the Earth and Sun as reference 
points, this MSVD three-axis system successfully 
controlled the attitude in space of U.S.A.F. Adas 
and Thor re-entry vehicles during a major portion 


of their ballistic flights. The control accuracy at- 
tained on these flights could be duplicated on 
flights further into space, using other planets and 
stars as check-points. 

For more information about MSVD’s space 
navigation and control work for the Air Force 
and its other contributions to U.S. space 
technology progress, write to Section 160-73, 
General Electric Missile and Space Vehicle 
Department, Philadelphia 4, Pennsylvania. 


GENERAL 


ELECTRIC 


MISSILE AND SPACE VEHICLE DEPARTMENT 

A Department of the Defense Electronics Division 






Report on Developments of 


New Fansteel 82 Metal 
in Hypersonic Vehicle 
Prototypes 


Design and development work on 
hypersonic flight vehicles by Boe- 
ing Airplane Company and other 

turers has indicated some impor- 
tant use-possibilities for Fansteel 
82 Metal. This new columbium- 

among the materials fabricated 
into prototype leading edges for 
materials capability evaluations 
at 2000° F and over. Results veri- 
fied Fansteel’s own tests proving 
the metal’s high strength-to- 
weight properties at elevated tem- 
peratures. 



Excellent Oxidation Resistance 


Exhaustive tests in the Fansteel 
laboratories prove Fansteel 82 
Metal far superior in oxidation 

culated on the basis of weight gain 


during exposure at 2000°F in air, 
82 Metal is ten times as resistant 
as the pure refractory metal. Six- 
teen-hour, 2000°F test in flowing 
air showed remarkable low scal- 
ing of 0.01 cm. 

Tensile Properties of Sheet 
The encouraging results of Boe- 

Metal's suitability for airframe 
and missile material. Average ten- 
sile properties are shown below. 



Fansteel 82 Metal Easily Formed 


In addition to its high tempera- 

excellent fabricating characteris- 
tics. Ductile welds are made with 
little or no tendency to fracture in 
heat affected zones. It is easily 
fabricated at room temperatures, 
as worked or annealed. Its melting 



point is 4550°F and density 10.26 
grams per cc (0.371 lb. per cu. in.). 

Design and Engineering Help 
Fansteel engineers and metallur- 
gists are now working with many 
other firms in adapting Fansteel 
82 Metal to specific areas. They 
will be glad to cooperate with your 

people in studying and^applying 

us your print or part sample, or 
call in the Fansteel representative. 

Available From Stock 
For experimental purposes . . . 
Fansteel 82 Metal is available 
from stock in ingots, forgings, bar, 
rod, plate and sheet. Let us keep 
you informed of developments 
concerning this new alloy as they 
occur. Write for the latest techni- 
cal bulletin. 



Photon Courted? of Boeing Airplane Company 
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CONSTRUCTION of all-glass fiber rotor blades utilize tliin glass fiber ribs which arc spaced about 3 in. apart and have 1 in. flanges 
top and bottom to pick up thin glass fiber skin. Servo blade used to change rotor blade pitch will have similar glass fiber construction. 


First Glass Fiber Rotor Blades Tested 


By Michael Yaffee 

First all-glass fiber rotor blades will 
be flying within a vear, most likclv on 
an Umbaugh U-1'S. Other airframe 
candidates expected to follow shortly arc 
the Kaman H-43, Vertol 1 1-21 and' the 
Bell H-40 helicopters. 

Parsons Corp., source of the Um- 
baugh, Bell and Vertol rotors, has been 
working on glass fiber blades for six 
years and is ready for flight production, 
kaman has been testing its new all- 
glass fiber rotor blade for a year and 
says that it could start producing proto- 
type units within another year. Sikor- 
sky, on the other hand, which has made 
and tested glass fiber blades in the last 
year and a half, plans to stay with its 
aluminum rotor. Sikorsky is finding in- 
creasing use for the glass fiber in other, 
scmistructural applications where the 
loads are non-critical, such as the heli- 
copter’s auxiliary floats, and is experi- 
menting with the use of glass fiber in 
the tips and trailing edges of its all- 
aluminum rotor. 

Expected Advantages 

Expected advantages of the new glass 
fiber rotor blades are lower cost, lighter 
weight and longer life. The latest step 
in an evolution that has seen the grow- 
ing replacement of wood and metal ro- 
tor blade components by reinforced 
plastics, the new blades now use rein- 
forced plastic for structural as well as 
lion-structural members, from root to 
tip, except for the rubber or steel abra- 
sion strip on the leading edge, protect- 
ing the glass fiber from ram erosion. 


Parsons’ rotors will also use a metal 
plate on the root end where the blade 
attaches to the hub. 

Successful demonstration of the use 
of plastics in structural rotor applica- 
tions. where the oscillating airloads are 
the highest of those on any aircraft 
structural member, has opened the door 
to the use of plastics in other parts of 
the helicopter. Kaman ’s chief engineer, 
Norman Stone, believes that large air- 
frame panels made from glass fibers 
would be at least competitive with those 


now made from sheet metal. Stone ad- 
mits that it is still too early to deter- 
mine the practicality of making large 
plastic sections on a production basis. 
Many engineers feel that it will not 
prove feasible. 

Production Problems 
Chief drawback to production of plas- 
tic components is the hand lay-up in- 
volved. Each unit must be set up by 
hand on individual molds and cured. 
There is little opportunity to take ad- 
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Helping to guarantee a vital 
"something” for a rainy day 

hallicrafters * 

The effectiveness of America’s defense “umbrella”— today 
and tomorrow — depends on instant availability of superior elec- 
tronics weapons. 

For over seven years, the Hallicrafters company has been 
answering this urgent need with »QRC— Quick Reaction 
Capability. 

For your electronic requirements . . . from single circuit to 
complete system ... for application on land, sea, air or space 
. . . Hallicrafters QRC can provide you with this unique design 
and production service in electronics. 



ENGINEERS: Join our rapidly expand- 




hallicrafters A company 

MILITARY ELECTRONICS DIVISI0N^*^CHICA60 24, ILLINOIS 


URGENT 


PROBLEMS 


RELIABLY 


SOLVED 


vantage of the benefits offered by high 
speed, highly automatic machining. On 
the other hand, as Stone points out, 
helicopter production still requires 
many manual operations. When ma- 
chining or finishing of glass fiber com- 
ponents is necessary, the resulting dust 
also presents a problem. The workers 
must wear masks for protection against 
silicosis; generally they arc given bon- 
uses and benefits such as shower time 
for this work. 

More important than the dust prob- 
lem arc the processing pitfalls to be 

Chief among these, according to 
Parsons engineer John Carson, are 
Ihe selection and application of the glass 
fibers from the thousands of types avail- 
able, the selection and mixing of the 
bonding resins, and finally the problem 
of maintaining structural uniformity 
from one lay-up to the next. Also, al- 
though not a disadvantage, the plastics 
do not offer any advantages in raw mate- 
rials cost. 

Advantages 

Glass fiber rotor blades do offer 
numerous and significant advantages 
compared with present metal and wood 
blades, which far outweigh the ma- 
terial's drawbacks, says Kaman. 

Most important of these are the fol- 
lowing: 

» Less weight. Glass fiber rotor blades 
arc expected to be about 10% lighter 
than comparable present blades. This 
should result in a gain of 4-5 hp. which 
can be used to increase payload, speed 
and altitude performance. On a 
strength-to-weight basis, according to 
the company, glass fiber is better than 
aluminum, magnesium, titanium, steel 
and even the honeycomb structures now 
used in some rotor blades. 

• Lower cost. Primarily as a result of 
savings in development time and tooling 
costs, glass fiber blades arc expected to 
run 10% or more under present blade 
costs. During development, for ex- 
ample. modifications can be made 
quickly simply by laying on additional 
glass fiber cloth. Long delays for new 
and expensive forging and extrusion dies 
used in fabricating aluminum blades are 

• Longer life. Owing to their greater re- 
sistance to fatigue, chemical corrosion 
and fretting, glass fiber blades will have 
a longer useful life than most current 
blades, says Stone. 

• Greater safety. Every strand in a glass 
fiber cloth acts as an independent load 
carrying unit. When fatigue occurs, a 
few strands may break, but there is not 
an immediate failure of adjacent fibers, 
i.c., there is no immediate crack propa- 
gation as in metal structures. 

• Easier inspection. Before glass fibers 
fail, they change color. A complete 
visual inspection can be made while the 
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TAPCO ROW ER SYSTEMS 



MINIAPS 


414 pounds 


solid-fuel turbogenerator weighs only 


The version pictured weighs only 4'/2 pounds, 
yet produces 60 watts of power for 90 seconds 
duration. Other versions produce up to 200 
watts. Duration of outputs can be varied by 
increasing or decreasing size of propellant grain. 

Tapco’s many years of experience in the de- 
sign and manufacture of turbo-machinery was an 
important factor in the development of Miniaps. 
Other Tapco power systems, now operational 
or under test, include classical missile APU's, 
hydraulic actuators, hot-gas actuation systems, 
solar and nuclear systems, solid-fuel and 
hydrazine gas generators, and re-entry turbines. 


This miniature solid-fuel turbogenerator was 
developed within 4 months by Tapco for such 
functions as fuzing, telemetering and guidance. 
It is a compact, lightweight, self-contained 
and self-regulated secondary power system. 
It operates reliably in temperature ambients 
from —65° to + 160°. 

Miniaps uses hot gas generated by solid fuel 
to power a turbine that drives an electric gener- 
ator at 60,000 rpm. Turbine and generator are 
on a single shaft. Five outputs of AC and DC 
are produced, with AC frequencies strictly 
governed by transistorized speed controls. 


Miniaps is only slightly larger than 
a beer can. It is shown here actual 


TAPCO GROUP 

Thompson Ramo Wooldridge Inc. 
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rotor blade is still on the helicopter 
without sending it back to the shop 
for a complete mctallographic inspec- 
tion. This again means a savings in 

• Greater impact resistance. Glass 
fibers' higher modulus of resiliency 
should result in less damage to the blade 
from the impact of foreign objects such 
as stones and hangar walls. 

• Easier repair. The ease of fabricating 
glass fiber structures will permit crew 
chiefs to make many minor repairs that 
now necessitate removal of the rotor 
blades and return to the factory for 
overhaul. Kaman will supply repair kies 
with uncured glass fiber cloth and in- 
struction manuals. 

Several types of glass fiber materials, 
varying widely in the orientation of the 
fibers within the fabric, have been avail- 
able for several years. But before rotor 
blade manufacturers could use the glass 
fibers, they had to determine which ma- 
terials offered the fiber orientation best 
suited to the loads imposed on a rotor 
blade, how to load-orient the fabric in 
lay-up, and which resin mixtures would 
best bond the glass fiber fabric layers. 
Structure of New Blade 

Basically, Kaman's new blade consists 
of a hollow D-shapcd laminated glass 
fabric spar, thin glass fiber ribs, a thin 
translusccnt glass fiber skin, phenolic 
dowels, a neoprene rubber coating for 
the leading edge, and its own bonding 
resin formulations based on epoxies and 
polyamides. 

At the root end, where the vibrators' 
and static loads are greatest, the spar 
has a wall thickness of .5 in. This tapers 
gradually to .1 5 in. at station 90. con- 
tinues at this thickness to station 180, 
and then tapers down to .09 in. at the 
l>P- 

The thick root end of the spar 
consists of 50 layers of glass cloth. 
Number 181 glass fabric, which has 
equal strength in longitudinal and trans- 
verse directions, is used for the outer- 
most and innermost layers. For the ma- 
jority of plies— those in between— No. 
143 glass fabric which is strongest in 
its longitudinal direction is used. 

In the root retention area, the struc- 
ture is reinforced top and bottom with 
glass fiber cloth-glass fiber roving (fibers 

cloth) cheekplatcs, increasing the over- 
all root wall thickness to approximately 
.63 in. The phenolic dowels are used 
inside the hollow root end as spacers 
for the grip retention bolts. Over-all 
length or radius of the rotor blade is 
23i ft. 

Glass fiber ribs are spaced approxi- 
mately 3 in. apart. They are made from 
No. 181 glass fabric and arc two and 
three plies thick, with J in. flanges to 
pick up the 2-plv, No. 181 glass fabric 


Servo flap used to change the pitch 
of the rotor blade will have similar 
glass fiber construction. 

Current Tests 

Kaman's all-glass fiber blade uses 

construction techniques now used on 
one of the company’s current produc- 
tion blades, which has a glass fiber main 
spar with a wood. core. Several years of 
tests and operation of the combination 
rotor blade, says the company, have 
yielded a great deal of data that is highly 
applicable to the new, all-glass fiber 

At present, Kaman is testing its new 


blade on a whirlstand in which it is 
matched, on the other side of the hub, 
to a current production model rotor 
blade. 

TTiis will enable the company to 
determine quickly the dynamic differ- 
ences between the two blades as well 
as modifications needed to make the 
glass fiber blade equal to the present 
production blade in performance, since 
it will be designed to meet the same 
specifications. Results so far have been 
promising, says Stone; the company 
feels that the all-glass fiber blades will 
more than do the jobs now being done 
by any of the rotor blades presently in 
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Navy Tests A2F Low-Level Attack Bomber 




Calverton, N. Y.— Grumman’s new 
side-by-side two-place, twin-jet A2F-1 
Intruder, the 1 7th combat model the 
company will deliver to the Navy, is a 
carrier-based low-level attack bomber 
capable of maintaining Mach .9 at sea 
level (AW May 2, p. 31). 

The A2F-1, a swept-wing long-range 
aircraft, is powered by two Pratt & 
Whitney J52-P6 turbojets, each of 
which delivers 8,500 lb. thrust. Variable- 
tailpipes (adjustable) can be lowered 
about 30 deg. for STOL effect during 
takeoffs and landings, giving a 10-kt. 
speed reduction under the norm. 

Navy, which has eight A2F-ls on 
order, took delivery of the first during 
ceremonies here Apr. 29th. Four air- 
craft will be delivered this calendar year 
and four the next, all for test purposes. 
The first Intruder made its eighth flight 
during acceptance ceremonies, at which 
time it had flown 8 hr. 

Slow-flight capabilities were evi- 
denced during a fly-by by Grumman test 
pilot Robert Smyth. Empty weight 
of the Intruder is 24,000 lb. Maximum 
gross weight is 54,000 lb. At a fairly 
light weight, Smyth had the A2F-1 
airborne after a roll of approximately 
1,200 ft. Rotation speed was reported 
at 100 kt. 

Intruder demonstrated a good rate 
of climb and a slow-spced, close-in, 
105-kt. pattern wth tailpipes deflected 
about 30 deg. Flaps have been most ef- 
fective at 40 deg. extension. 

Though optimum speeds have not 
yet been reached, the A2F-1 has been 
stalled, clean, at 125 kt. With power, 
gear and flaps down, the aircraft has 
stalled at 80 kt. Controls are similar 
to those of Grumman': F11F-1F. 

During static display at Calverton the 
A2F-1 was fitted with external stores. 
Three Mark 84, 2,000-lb. GP bombs 
were mounted outboard on each wing 
and under the belly. Two Martin 
ASM-7 Bullpup missiles were mounted 
inboard on each wing. Armament prob- 
ably will include the Temco Corvus 
XASM-N-8 air-to-surface missile. 

Design of the Intruder meets Navy 
requirements that included capabilities 
for extended range, low-altitude nuclear 
missions, including limited brush-fire 
war. Completely obscured targets are 
visually represented to the pilot and 
radar operator through the aircraft's 
electronic integrated display system. 

The integrated display system also 
provides data for the A2F-l's digital 
integrated attack navigation system 
(DIANE). 

A2F-1 is being developed under the 
first “cost-plus-incentive-fee" contract 
totaling 5101,701, 000, to be adminis- 
tered by the Navy. 


HUMAN FACTORS 



FIRST test of a complete life support system was made by Courtney Metzger, shown preparing to eat food from a plastic squeeze tube 
at left. He was observed around the clock during the seven day test. On completion, he was greeted (right) by his wife and children. 


Hermes Tests Zero-G Capsule Equipment 


By Evert Clark 

Dayton— Seven-day manned test in a 
sealed capsule has demonstrated that a 
life-support system capable of operating 
in the weightlessness of space could be 
built now, Air Force researchers be- 


Project Hermes, completed recently 
at Air Research and Development Com- 
mand's Wright Air Development Divi- 
sion here, was the first combined test of 
a number of life-sustaining subsystems 
designed and engineered on operating 
principles that would be valid under 
zero gravity conditions. 


Hermes also was the longest simu- 
lated space flight in which a man has 
remained for seven days in an almost 
completely self-sustained, or “closed,” 

The project was conducted by what 
was the Engineering Development 
Branch of the former Aerospace Medi- 
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cal Laboratory- Under the current re- 
organization of WADD, the laboratory 
has been renamed the Aerospace Medi- 
cal Division. with three separate labora- 

and life support. The life support lab- 

branch. a cabin equipment braneh and 
a protecting branch. 

Courtney A. Metzger. 40-year-old 
laboratory engineer who coordinated the 
project, also served as the subject for the 
simulated flight. The capsule was a 
conical shape approximating that of an 
Atlas missile nose cone and measuring 
nine feet high and seven feet at its base. 

Since the test was intended to prove 
technical feasibility of the principles de- 
signed into the equipment, concern 
with size and weight or the subsystems 
was secondary. 

Major Objective 

Perhaps the most important objective 
of the test was to sec whether a system 
with no moving parts could perform the 
task of regenerating oxygen and remov- 
ing water vapor and odors. Researchers 
chose potassium superoxidc. a canarv- 
ydlow powder that is commercially 
available in quantity. 

Potassium superoxide has been used 
as an air purifier in USAF and Nary 
firefighters’ masks, but always in an 
open system with forced ventilation. In 
Hermes, ventilation was not forced. 
Only air movement and the partial pres- 
sure differential between the carbon 
dioxide level in the capsule’s air and 
carbon dioxide level in the cabinet con- 
taining the potassium superoxidc caused 
the filtering action to take place. 

The filtering system caused one abort 
of the test after 24 hr. Originally, the 
screen and glass-cloth-covered filters 
containing the superoxide were placed 
in three cabinets along one wall of the 
capsule, near Metzgers head. But the 
slight amount of dust from the super- 
oxide formed potassium hydroxide when 
it combined with the water from Metz- 
ger’s eyes and nose. The solution was 
to move the filters to another cabinet, 
further away from Metzger, and to seal 
this cabinet with masking tape except 
for an opening at one end which was 
covered with glass cloth. 

The filtering system performed well, 
keeping carbon dioxide down to about 
one-half of one per cent of the air con- 
tent during the test. It also absorbed 
water efficiently and kept odors down so 
well that the only one remaining in the 
capsule when it was opened after seven 
days was the perfumed smell from 
wash-and-drv cloths of the type used on 
commercial airliners. 

Metzger’s concern over the danger 
of dust from the filters caused one of 
the two critical moments in the test. 
The first came after 24 hr., apparently 
because this was the first test to run 


beyond that time. The second came 
on the fourth day when Metzger 
donned glasses, face mask and gloves 
to change the filters. Space limitations 
prevented the filter cabinet from hold- 
ing enough filters for the full seven-day 
test. Researchers who monitored the 
test 24-hr. a day said he showed "con- 
siderable anxiety" as he removed new 
filters from sealed plastic bags and 
placed them in the cabinet. 

Filter Tests 

A considerable amount of work re- 
mains to be done on the filtering sys- 
tem. Centrifuge, vibration and other 
tests will be made on the ground to 
determine how the chemical bed would 
stand the stresses of booster liftoff, what 
the implications of the dust problems 

Water recycling system, which also 
worked well, used a simple vacuum dis- 
tillation principle. Urine was collected 
in a polyethylene bellows developed by 
American Machine and Foundry and 
transferred by Metzger to a 38 lb., 
36 x 36 x 7 in. vacuum box con- 
taining a number of plastic sponges. 
Capacity was about 1,500 cu. cm., ap- 
proximately a normal day’s output. 

Vacuum was maintained by an elec- 
tric motor and pump outside the cap- 
sule. In an actual flight, the vacuum 
of space would be used, and the bellows 
and vacuum box would be built as one 
unit, eliminating the need for the pilot 
to transfer the urine. 

Although urine of a healthy person is 
sterile, and actually can be drunk with- 
out recycling, iodine water purifica- 
tion tablets were used to ensure sterility 
and remove unpleasant odors before the 
urine was transferred. 

Water System 

As a test of the system, Metzger 
drank the recycled urine. His cap- 
sule contained a drinking water system 
which employed a balloon that could 
be pumped to expel water through a 
nozzle into the plastic squeeze bags 
from which he drank. Metzger found 
that the recycled urine tasted better 
than drinking water after the latter 
had been stored for several days and 
placed in the vinyl squeeze bag. 

Solid body wastes were collected in a 
container encased in a plastic bag with 
drawstrings. Because of the problems 
weightlessness will add to the function 
of evacuation in a spacecraft, the toilet 
had a seat belt, and the container had 
a pump system to ensure as clean an 
operation as possible. Danger is that 
bacteria, most of which are carried from 
the body by the feces, might be trans- 
ferred to the urine container. 

Pump creates a partial vacuum in the 
waste container. Air from the capsule 
then forces itself through open-celled 
sponges ringed around the opening of 
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the container, and the flow of air carries 
solid wastes with it. The sponge open- 
ing is springed to ensure a close fit. 
Waste containers are placed inside 
white, opaque bags and stored in the 
compartment of the food freezer from 
which the previous day’s food has been 


Freezer, developed by Westinghouse, 
was divided into seven compartments, 
each containing a day’s supply of meals 
in squeeze tubes, and a chiller section 
for tubes of fruit juices. Freezer is 
thermoelectric, avoiding liquid refriger- 
ants which would complicate the oper- 
ation in zero gravity. 

Food-wanning unit, developed by 
REF Manufacturing Co., also was elec- 
tric and incorporated a temperature 
control, timed heating cycle and switch 
allowing heating for an indefinite pe- 

Freezer and oven required 700-watt 
power supply. Although units with 
lower power requirements can be devel- 
oped, and the sun’s heat might be em- 
ployed in a space capsule to supply this 
power, researchers concluded that “this 
Waldorf-Astoria setup wouldn't be es- 
sential on a seven day mission.” 

Hermes capsule was essentially leak- 
free, but it was not designed to with- 
stand pressurization. Since a finned 
radiator of the type that might be used 
to dissipate heat into the vacuum of 
space could not be simulated, water 
was supplied from outside the capsule 
and circulated through an internal 
cooler to keep cabin temperature down. 
On the first night, Metzger forgot he 
had a temperature control inside, and 
slept with socks and sweater on. 


Survival Equipment 

Capsule also carried survival and 
flotation equipment. An oxygen bottle 
and mask, an outfit of down clothing 
vacuum-packed in a 350 cu. in. bag and 
a pneumatic raft were supplied for emer- 
gencies. 

A water landing of the capsule was 
assumed, and four spherical, nvlon- 
covcrcd latex bladders were attached to 
booms and folded into the sides of the 
capsule. One pull by Metzger on a 
ring inside the capsule inflated the four 
bags from carbon dioxide bottles. In- 
flation pushed off the breakaway panels 
covering the bags and pulled them up- 
ward and outward so that they formed 
four outriggers at the expected water 
line. Bags would serve mainly for stab- 
ilization, but, if the capsule should 
leak, thev would keep it afloat. Such 
a system has been tested on the Convair 
B-5S pilot escape capsule (sec p. 101). 

No attempt was made to obtain psy- 
chological or physiological data during 
Hermes or to have Metzger perform 
tasks because researchers did not want 
to add any burdens that might make 
it more difficult for him to spend 


a full seven days in the capsule. 

Metzger's menu included high-calorie 
foods in addition to the meals in 
squeeze bottles, but the puree con- 
sistency of most of the food after it 
was squeezed through the tube open- 
ings, coupled with the fact that he vv-as 
inactive, left him with a reduced appe- 
tite. He ate only twice a day— late in the 
morning and later in the evening— 
and consumed only about 2,200 calorics 

Air Samples 

Researchers did take air samples and 
measure carbon dioxide and oxygen con- 
tent continuously, and they counted 
respiration and heart beat visually when 
they could through the capsule’s 20 x 
31 in. window. Metzger also took air 
samples in bottles each day so that a 
progressive buildup of poisons, etc., 
could be studied later. 

Metzger took a copy of the Bible into 
the capsule, hoping to read it all the 
wav through at one time, but because 
of his lack of activity he soon became 
lethargic, and did not complete the 
reading, researchers said. He watched 
television through the capsule window 
from early evening until late at night. 
He slept only about six hours a night. 

Metzger said after the test was con- 
cluded that he was lonely and would 
have talked more often" to the re- 
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GENERAL MOTORS. INDIANAPOLIS. INDIANA 


Develop a metal or plastic which will withstand some of the highest 
thermal and dynamic stresses known to man— 

Devise a method of applying this material in an absolutely uniform 
coating on a nozzle throat— 

Design a lightweight nozzle strong enough to handle the most massive 
thrust — 

Decide which seal design will permit the nozzle to vector properly, with- 
stand the tremendous heat and pressure of extremely hot gases. 

These are some of the problems which Allison has encountered and is 
overcoming in designing and producing vectoring nozzles for missiles. 
Plasma jets gave us the key to one solution— metallurgical studies uncov- 
ered a second. Polymer research pointed the way to further success- 
new processing techniques toppled another barrier. 

Thus, the state of the nozzle art has been advanced— a serious bottleneck 
broken. And this is but one of the many areas in which Allison— backed 
by every resource General Motors commands— is working in the space 
age. 

Whether your problem lies in the heavens, in the oceans, or on the earth, 
Allison has the will and— if it can be solved— the way to solve it. We're 
doing it for others— we could do it for you. 


Illustrated is a plastic model of one type oj nozzle used 
tool by A Hi son scientists and engineers. 
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Make a new kind of nozzle to steer annferno? 
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When CONTROL cannot be 
a question of degree . . . 


Exacting engine control believed impos- 
sible only a few years ago is now the 
expected, not only in modern aircraft 
and missiles, but also in today's automo- 
biles and trucks. And, this absolute ac- 
curacy is demanded under temperature, 
pressure, and power conditions found, 
until recently, only in laboratories. Tem- 
perature variations alone of — 80 °F to 
+ 160°F require almost continuous com- 
pensations in today’s jet aircraft and 


missiles. More, these ever-increasing re- 
quirements must be designed for ever- 
decreasing standards of size and weight. 

For more than a half-century, Holley has 
pioneered such developments as: lower 
automotive hood lines through smaller 
carburetors and fuel control systems for 
jet engines that save one-third the weight, 
one-fourth the space. That’s why two 
generations of Americans on the move 
have come to depend on Holley products. 


For more information about 
Holley products, automotive or 
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THE AUTOMOTIVE AND AIRCRAFT INDUSTRIES 


searchers outside the capsule by means 
of the intercommunication box pro- 
vided for him, but he thought he 
would be interfering with their work. 
In any such future test, researchers will 
attempt to talk frequently to the man 
in the capsule. 

Metzger’s water intake was relatively 
low for the first few days. Internal 
temperature and humidity were well 
within the comfort zone, so Metzger 
perspired little, but researchers also 
found that he was worried at first that 
he might run out of water until they 
told him that lie could drink every two 
hours without exhausting the supply. 

The capsule's equipment included a 
“panic button” that would ring a bell 
outside, but Metzger did not use it. 

The laboratory branches which 
worked on Hermes also arc monitoring 
approximately 70 contracts, averaging 
about $30,000 per contract, on various 
components of life-support systems. 
Squeeze tube tests have led to two 
contracts for development of contain- 
ers that will not reduce the food to a 
puree. One is a square aluminum con- 
tainer that may have a plunger to push 
the food forward, and the other is 
plastic. Although some problems re- 
main in storing processed foods in plas- 
tic bags, they save weight over metal 
containers. 

In addition to Metzger, project per- 
sonnel included Richard Bennett, urinal 
and water storage unit: Dr. Robert 
Hayes, oven, refrigerator and in-flight 
feeding equipment; Donald Keating, 
oxygen-generating equipment: Lt. Al- 
fred Hallam, emergency oxygen equip- 
ment; Warren Hypes, survival gear, flo- 
tation systems and communication sys- 
tems; George Filson, installation super- 
visor; Konrad Weiswurm, assistant for 
respiration equipment and communi- 
cation gear and calibration of instru- 


PRODUCTION BRIEFING 

Lear, Inc.’s, Industrial Products 

duce 10 remotely-operated automatic 
control systems for nuclear reactors be- 
ing developed by Martin’s Nuclear Di- 
vision. The specially-designed control 
rod positioning systems will be used in 
critical tests where fine precision meas- 
urements are required. Martin's liquid 
fluidized bed reactors were cited as an 
application of the systems. 

Douglas Aircraft Co. is working with 
Air Force in an intensive aircraft test- 
ing program to predict the fatigue life 
of an airplane and to provide a firm 
basis for improving design of future air- 
craft. A Douglas C-133 Cargomastcr 
will carry' the bulk of the testing work- 
load. Program includes fatigue analysis 
and development of load spectrum; in- 


terim service loads; flight test of in- 
strumented aircraft; airplane cyclic 
fatigue testing, and recording of gust 
data on a fleet of aircraft. 

Lycoming Division of Avco Corp.’s 
T55-L-5 gas turbine completed its 50- 
hr. USAF preliminary flight rating test 
one month ahead of schedule. The test 
was run at an average rating of 2,190 
shp.; specifications require 1,970 slip, 
guaranteed power. The production 
T55 is expected to be qualified in 
August at 2,200 shp. 

Pye Instalment Landing System will 
be installed at Nairobi Airfield, Kenya, 
Africa. System will be used to bring 
turbojet transports to touchdown by 
radio guidance on the airport’s 13,500- 


Consolidatcd Diesel Electric Corp.’s 
Aircraft Equipment Division will build 
53 water servicing trucks for the Air 
Force under a SI million contract. The 
tank units carry 2,600 gal. of deminer- 
alized water to service jet aircraft 
equipped with water injection engines. 

Lockheed Aircraft Services, Inc., will 


handle the American sales of the Midas 
airborne flight recorder. The Midas 
recorder, developed by Rovston Instru- 
ments. of England, records 270 chan- 
nels of information on magnetic tape 
with 160-hr. capacity. The data cap- 
sule. equipped with a float and a hom- 
ing beacon, is ejected in the event of a 

Hamilton-Standard Division of 
United Aircraft Corp., Windsor Locks, 
Conn, will build 150 mobile control 
towers and 53 trailer-mounted elec- 
tronic shops under $2.5 million Air 
Force contract. The two-wheeled con- 
trol vans, measuring 5 ft. square by 
5 ft. high, will be used by the Tactical 
Air Command at temporary landing 
fields. 

Standard Railway Equipment Mfg. 
Co., Chicago, is transferring produc- 
tion of airport terminal loading walk- 
ways from its P. I. Steel Corp., Los 
Angeles to the subsidiary’s Ogden, 
Utah, facility due to increased produc- 
tion demands. Current backlog of the 
telescoping "Jetway” walkways is 55 
including 39 slated for United Air Lines. 
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L-6AND KLYSTRON 
EXTENDS BROADBAND 
PERFORMANCE 

This addition to Litton Industries’ Klystron family not 
only extends the bandwidth of our broadband L-band ampli- 
fier tubes, but does so in a reduced package size. Through 
improvements of the recently developed Skirtron* bunch- 
ing technique, the L-3270 achieves gain and power output 
characteristics, which are essentially flat over the minimum 
bandwidth of 100 Me. Its minimum peak power output at 
the band edges is 2 MW. A linear phase shift versus fre- 
quency characteristic makes it ideally suited for application 
in sophisticated radar systems, where electronic tuning and 
pu lse shaping are required. 

This tube, like all other tubes produced by Litton 
Industries, is conservatively designed and rated; and rigor- 
ously processed to provide thousands of hours of reliable operation. Typical of the 
performance obtained from applying this design philosophy is that of the L-3035, a 
2.2 MW L-Band Klystron, whose average operating life in field service is approaching 
3,000 hours. Some of these tubes are continuing to provide top performance after 
operating for more than 10,000 hours. 

The Skirtron technique is being applied to other tubes now being developed to 
obtain even broader-band performance at higher power levels and in other frequency 
ranges. Should you require high power broadband performance for your current 
(L-3270 is available now) or future system planning, write to Litton Industries, 
Electron Tube Division, Office A13, 960 Industrial Road, San Carlos, California. 

*A technique developed by Litton Industries which provides improved broadband performance. 

LITTON INDUSTRIES Electron Tube Division 
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McDonnell Is Optimistic on Future 


New York— Brokers reacted to the 
appearance of James S. McDonnell, 
president of the McDonnell Aircraft 
Corp., before the New York Society of 
Security Analysts here with a brief 
lurry that sent the stock as much as S3 
uglier in an afternoon. 

The probable reasons: 

• Eamings were forecast at S7 a share 
:or the fiscal year ending this June and 
probably the equivalent to that in 1961. 

• Lack of acquaintance with the com- 
pany previously by many New York 
inancial people, especially with its 
work on the Mercury project. Cumula- 
tive value, including backlog, of its total 
space contracts was S64 million, Mc- 
Donnell announced. 

• Optimism on the part of McDonnell. 
To many analysts, he seemed to be the 
irst aircraft company president to look 
and talk optimistically before the society 
n the last six months. 

In an effort to dispel "the one man 
nyth,” that McDonnell is a company 
run solely by himself, McDonneil 
turned most of the presentation over to 
a McDonnell vice president, Thomas 
G. Rutledge. 


Rutledge described the financial posi- 
tion of the company as the soundest in 
its history. Cash flow from deprecia- 
tion and amortization has reached S6 
million, and debt— totaling S26 million 
today— could be reduced to zero bv 
1961. 

Both of these contentions reflect 
the virtual completion of McDon- 
nell’s second fil e year facility program 
in which $35 million has been spent. 

Comments on present and future 
business for the company included: 

• Canada may be a prospective cus- 
tomer for the F-101B, now phasing out 
of production for USAF, because of 
Bomarc cutbacks. 

• Market survey will be made interna- 
tionally to determine the executive air- 
plane sales potential of the Model 220. 
This is McDonnell's Model 119 utility- 
transport built for a USAF competition 
but equipped with General Electric 
CF700 aft-fan engines. 

• Cumulative contract totals including 
backlog are $127 million for Quail, $50 
million for Talos. Of McDonnell’s 
total Mar. 31 backlog of $433 million, 
77% is for fighter aircraft. 


• Spares have been running an average 
of 8.3% of McDonnell's annual sales. 
The F4H Phantom II program should 
involve production through 1965 plus 
spares and modification business for 
five years after that. 

• McDonnell stock has sold below book 
value at times during the last year, and 
McDonnell has bought back about 
3,000 shares. Through this policy, and 
through an increase in authorized shares 
from 2,000,000 to 8,000,000 shares for 
a two for one stock split, McDonnell 
hopes to add to shares held in the com- 
pany treasury for use in possible ac- 
quisitions. 


Teinco Quarterly 
Earnings Decline 

Dallas, Tex.— Net income of $375,- 
692 after federal income taxes was 
reported by Tcmco Aircraft Co., Dal- 
las, for the first quarter of 1960. 
Net earnings for the same period last 
year were $467,156. 

Sales for the first quarter of 1960 
totaled $19,112,729, compared with 
sales of $28,142,563 in the same pe- 
riod last year. Temco's backlog at 



Model 500A Aero Commander Makes First Flight 

\ero Commander 500A. first of a new scries of Aero Commanders being produced by Aero Design & Engineering Corp. (AW Apr. 
• 1, p. 116), makes its first flight. Airfoil-shaped engine nacelles have exhaust ports on top to reduce cabin noise. Powcrplants arc 
wo Continental IO-470-M engines delivering 260 hp. each. Maximum gross weight is 6,000 lb.; useful load is 1,925 lb. 
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In that narrow little lifeline of data known 
as magnetic tape, a miss is magnified into a mile. 
A missed bit, or one picked up by error is confus- 
ing, frustrating and time-consuming. If you're in 
doubt about the kind of performance you’re getting, 
perhaps “Scotch" brand Sandwich Tapes can 
solve some of your tape and equipment problems. 


NO DOUBT ABOUT IT— 

"Scotch" brand Sandwich Tapes 
wear 10 times as long without errors 


The exclusive construction of the Sandwich 
Tapes combats the causes of error because it elimi- 
nates the source— oxide rub-off and head build-up. 
Tests prove it wears a minimum of 10 times as 
long as ordinary tapes before it errs. As a by- 
product, you can rely on it to drastically reduce 
maintenance and replacement costs on equipment. 



The Sandwich is constructed 
as shown in the diagram at the 
right. The famous "Scotch" 
brand high potency oxide 
coating is sandwiched between 
a tough polyester base and a 
50 micro-inch layer of plastic. 

Since the oxide is never in 
contact with the head, tape movement is smooth 
and low in friction— easy on both tape and equip- 
ment. Oxide can't rub off and distort valuable data. 

Yet, the real meat of this remarkable Sandwich 
is the “Scotch" brand high potency oxide coating. 
Even under the protective plastic, the oxide’s po- 
tency is quite sufficient to pick up 500 pulses per 
inch— and give desirable high-frequency response 
in many AM, FM and PDM applications. Sand- 
wich Tape is but one of the developments to come 
out of 3M research— the same research responsible 
for “Scotch” brand Video Tape— the first video 
tape in commercial use. 

Whatever your application— you’ll find the right 
tape for reliable, error-free performance in the 
“Scotch” brand line-up. Check them all. High 
Resolution Tapes 158 and 159 pack more bits per 
inch, offer either standard or extra-play time. New 
Heavy Duty Tapes 198 and 199 offer good resolu- 
tion and exceptional life even in poor environments. 
High Output Tape 128 gives top output in low 
frequencies, even in temperature extremes. And 
Standard Tapes 108 and 109 remain the standard 

Your 3M Representative is close at hand in all 
major cities— a convenient source of supply and 
information. For details, consult him or write 
Magnetic Products Division, 3M Co., St. Paul 6, 
Minnesota. ® i»oo sm cdbpw 




SCOTCH BRAND MACNETIC TAPE 

M'R- ,0 ’A Ml— »• M.-., C-™, 



Only Cherry 
Gives You The 
Complete Line 

Ttoat 

Serrated Stem Rivets 
with 

Grip Markings on 
Rivet Head 


Mar. 31, I960, totaled S80 million in 
orders, letters of intent and contracts 
being negotiated. Company is dis- 
cussing a merger with Ling-Altcc Elec- 
tronics (AW May 2, p. 37). 

Temco now has a preliminary draft 
of Navy intentions on the Corvus air- 
to-surfacc missile covering Fiscal 1961, 
which, when negotiated, is expected to 
provide a substantial dollar volume, 
according to company sources. Its sub- 
sidiary, Fenskc, Federick & Miller, 
Inc., now has a backlog of approxi- 
mately S4.4 million in orders for its 
Iconorama data display systems, and 
indications are that this backlog will 
grow to approximately Sll million by 
the end of 1960. 

The subsidiary already has instituted 
a major subcontracting program on the 
system to Temco’s Dallas facility, cover- 
ing some S 500,000 in work and it is 
expected to increase this program “sub- 
stantially.” 

Acquisitions 
And Mergers 

Precise Electronic & Development 
Corp., New York, has merged with 
Automatic Coil Co., Inc., Brooklyn, to 
expand its work in test equipment, coils, 
transformers and filters. 

Atlec Corp., Woburn, Mass., has ac- 
quired the assets of and merged with 
Industrial Electronics Co., Inc., and 
Applied Dynamics Corp. Firm will con- 
tinue under the Atlce name and head- 
quarters will be in Waltham, Mass., in 
Applied Dynamics’ new plant. Allan 
Q. Mowatt, Atlec chief, will continue 
as president, and Michael G. Stratton, 
president of Applied Dynamics, be- 
comes board chairman. John E. Moss- 
man, president of Industrial Elec- 
tronics, is executive vice president. 

1-oral Electronics Corp. has acquired 
Alpha Wire Corp., which will operate 
independently as a Loral subsidiary; 
Peter Bcrcoe continues as president. 
Howard B. Saltzinan has been elected 
executive sice president. 

Financial Briefs 

Fairchild Engine & Airplane Corp. 
reported a loss of 5326,000 or 11 cents 
a share for the first quarter of 1960 
compared with a loss of $277,000 or 
9 cents a share in the 1959 first quarter. 

Space Electronics Corp. backlog in 
April totaled almost 51.5 million, a new 
high, and 5500,000 more than the com- 
pany's February backlog. A large pro- 
portion of the new business is for design 
and construction of electronic subsys- 
tems for data handling, missiles and 
space vehicles. 


The new Cherry “9000”* Series 
MS type rivets are now a part of 
our standard product line, along 
with our familiar knob stem 

Cherry is again FIRST to pro- 
vide grip markings on the rivet 
head — for easy identification in 
bins or work boxes, plus positive 
visual inspection after installa- 

Fully approved under MIL- 
R-7885A, the new Cherry “9000” 
Series rivets are available in your 
choice of metals, and are in- 
stalled with existing serrated 


stem pulling heads. 

For those who prefer serrated 
stem type blind aircraft rivets, 
the Cherry “9000” Series com- 
pletes the line which includes the 
new Cherrylock “2000” Series 
Mechanically Locked Stem with 
flush fracture, the Cherry High 
Clinch Series rivets— “600”, 
“700”, “800” — and the Cherry 
Standard MS line of knob stem 
rivets— the “100” and “500” 
Series. For information write: 
Cherry Rivet Division, Towns- 
end Company, Box 2157-N, 
Santa Ana, Calif. 


CHERRY RIVET DIVISIOH 

^jmP§| SANTA ANA, CALIFORNIA 

Townsend Company 

ESTABLISHED 1816 • BEAVER FALLS, PA. 

In Canada: Parmenler S Bulloch Manufacturing Company, lid., Conanoque, Ontario 


AVIATION WEEK, 


1, 1960 


105 


how Barber-Colman engineers meet 
critical tolerance and envelope challenge 
of Titan temperature control project 

Assignment to Barber-Colman Company from Air Force TITAN associate 
contractor, AC Spark Plug, Milwaukee: Take one part of the Air Force 
TITAN guidance platform and develop a complete temperature control 
system that will fit into the odd-shaped, very limited space available. 
Hold temperature to the exceptionally close tolerances specified. Result: 
A precision Barber-Colman temperature control system incorporating 
an ingeniously formed set of compact control boxes and sensing element 
(right) which control temperature of the internal structure to within 
a few hundredths of one degree. Unusual assignments like this are the 
kind of challenge that Barber-Colman people like to accept. For help 
with your temperature control problems consult the Barber-Colman 
engineering sales office nearest you: Baltimore, Boston, Fort Worth, 
Los Angeles, Montreal, New York, Rockford, Seattle. 






QUALITY 


Barber-Colman Company 

DEPT. E, 1423 ROCK STREET, ROCKFORD. ILLINOIS 

AIRCRAFT AND MISSILE PRODUCTS: AIR VALVES. 
ELECTROMECHANICAL ACTUATORS. TEMPERATURE CONTROL SYSTEMS. POSITIONING 
SYSTEMS. TRANSDUCERS AND THERMOSTATS. SPECIAL GROUND TEST EQUIPMENT 
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NOMINAL DIMENSIONS of the circuit wafer with shaded area around its periphery, designating surface area to be occupied by the spacer, 
is seen in drawing at left. Artist’s view (center) shows various elements which comprise the Sylvania Microminiature Module, including 
four wafers, three spacers and two of the four interconnection boards. Individual modules arc interconnected on a molded ceramic board 
(right) capable of accommodating eight modules in this case. Preformed metal connector fingers are inserted into the board holes and fur- 
nace fused to the wiring to establish the interconnection. 


Microminiature Modules Show Potential 


By Barry Miller 

Waltham, Mass.— A microminiature 
module program designed to accom- 
modate contemporary as well as fu- 
ture high-temperature and high-density 
avionic components will be unveiled 
this week by Sylvania Electric Prod- 
ucts, Inc. 

With other microcircuit develop- 
ments elsewhere, this program shares 
a common objective of efficient and 
reliable use within restricted volumes 
of the large numbers of components 
required in military and space systems. 
Sylvania engineers, for their part, are 
using materials, protection techniques 
and a construction approach which they 
think will lead to microminiature mod- 
ules with growth potential— the ability 
to satisfy tomorrow’s, as well as today’s 
system needs. If, for example, a mod- 
ule whose upper operating temperatures 
are prefixed by those of available semi- 
conductor components, is made by 
high-temperature fabricating techniques 
and employs high-temperature materials 
and seals, then the transition to higher 
temperature semiconductor devices, 
which may be made more extensively 
available within the next few years, will 
be an orderly one requiring no severe 
changes in the construction or assembly 
of the modules. 

Now in the development stage at 
Sylvania's Applied Research Laboratory 
here, the program has been entirely 
company-supported since its inception 
one year ago. To some degree the ap- 
plications phase of the program will 
benefit financially from an Air Force 


contract for the development of labora- 
tory techniques for designing an ultra- 
reliable airborne receiver adaptable to 
microminiaturization. 

This Wednesday Gerald J. Sclvin, 
Sylvania's manager of microelectronics, 
is scheduled to reveal details of the pro- 
gram before the Electronic Components 
Conference in Washington. Some of 
the principal features ot the company’s 
microminiature module, cited by Sclvin. 


• Stagc-to-stage interconnection with- 

• Functioning stage of circuitry on each 
wafer of the module. 

• Hermetic sealing of every wafer in the 
module without plastics or other potting 
compounds. 

• Construction of the modules by 
methods and with materials capable of 
withstanding temperatures up to 400 
or 500C. 

Tile microminiature module, like the 
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Highways or Skyways ..." ESSO RESEARCH works wonders with oil’’ 


Army-RCA Micro Module, will be built 
around a single, square-shaped wafer 
substrate on which components are 
mounted. Made of alumina or Foto- 
ceram, each wafer can handle a mini- 
mum of five components, such as 
uncased transistors, vacuum deposited 
resistors and capacitors, plus conductors. 
The wafer has twelve uniformly spaced 
tab connectors which protrude from its 
outer perimeter. Once a circuit func- 
tion has been mounted properlv and 
tested on the wafer, selectable height 
spacer frames are glazed onto the pe- 
riphery of the wafer. 

Alternate wafers and spacers are then 
successively stacked— wafer, frame, 
wafer, frame— under a dry inert atmos- 
phere so that each circuit stage on each 
wafer is hermetically protected from 
the outside. Wafers can be stacked to 
any convenient height, depending on 
the subsystem function of the module. 
The number of wafers employed and 
the heights of the selected spacer 
frames determine the final height of 
the module. 

Four rectangular Fotoceram printed 
circuit interconnection boards are then 
fitted about the stacked wafers to form 
the module. Rows of slots on the inter- 
connection board become the recep- 
tacles for adjoining tabs on the wafers. 
Connections among the individual cir- 
cuits are established when conductive 
material predeposited on the wafer tabs 
is fused to the conductors on the 
printed circuit interconnection board 
with a medium temperature, high-duc- 
tility solder. 

Component Density 

The minimum packing density of the 
microminiature module, computed on 
the basis of five parts per wafer, in- 
cluding one uncased transistor per 
wafer, is expected to be 600,000 parts 
per cubic foot, according to Sclvin. If 
component density was computed at 
9 or 10 parts per wafer— a larger, less 
conservative but still reasonable esti- 
mate for its component wafer density- 
then the parts density for Sylvania's 
module would climb to about one mil- 
lion per cubic foot. 

So far as estimates or guesses about 
potential or ultimate parts density with 
future functional or molectronic de- 
vices are concerned, Selvin declines to 
get ensnared in what he and others 
working in microminiaturization arc 
now calling the ‘'numbers game” or 
"numbers racket.” A more meaningful 
measure of density or performance may 
evolve, Sylvania hopes, which would re- 
late the stages or circuit functions rather 
than components to unit volume. This 
would be specially useful for functional 
or molecular electronic circuits in which 
there will be no individual, identifiable 
components. 

Sylvania engineers are progressing 


with a plan to demonstrate several types 
of operating module circuits. A 200-kc. 
flip-flop module is now operating. A 
broadcast band wireless transmittei 
completely contained in a single wafer 
stack is under construction. In addi- 
tion, work recently began on a high- 
frequency (in excess of SO me.), mul- 
tiple stage IF amplifier using silicon 
transistors throughout. With these 
three devices, which are expected to be 
fully functioning late this summer, the 
company hopes to demonstrate the ver- 
satility of its microminiature module. 
These three samples, Selvin explains, 
will illustrate the more difficult low-fre- 
quency audio type circuits, in which 


high inductance and high capacitance 
arc mandatory; the simple, straightfor- 
ward IF range pulse-type circuits; the 
high frequency RF amplifier circuits. 

Module Details 

The precise working area on each 
wafer, 0.4 in., with an outside dimen- 
sion of 0.486 in., is sufficient for at 
least five components of the type being 
built by various subcontractors and 
vendors for the Army-RCA Micro 
Module program. Wafer’ thickness is 10 
mils. Thus, each wafer can handle a 
circuit stage and the manufacturer can 
fabricate, test and adjust circuit stage 
action rather than individual compo- 
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A Special 
Aviation Week 
Report on the 
Strategic Air Command’s 
Transition 
into the 
Aerospace Age 


The changing role of the Strategic Air Command in the national 
defense picture will be featured on June 20th in a special 36-page 
report prepared by AVIATION WEEK editors with on-the-spot cov- 
erage of the SAC Command— The nation’s shield against aggression. 

This exclusive report will be published in answer to the growing re- 
quirement for an improved national understanding of SAC’s chang- 
ing role as the primary deterrent force guarding national security. 
The annual R&D issue will be devoted to this message which is 
today’s most challenging subject. 

The Strategic Air Command’s deterrent position has undergone 
complex and fundamental changes in its transition to a Strategic 
Aero-Space Command— with its formidable bomber fleet soon to be 
reinforced by intercontinental ballistic missiles operationally de- 
ployed to instantly counter any aggressive action. 

The transition of SAC is one of the most rapid and exciting events 
in the history of our nation and its defense. What SAC needs, what 
lies ahead and the weapon systems to be employed in the immediate 
future will be key subjects included in this first-time technical eval- 
uation. The impact of new technologies and weapon systems has 
changed the entire defense concept and the response of SAC to these 
new requirements has been effective and positive. 

AVIATION WEEK editorial teams are now engaged in the compila- 
tion of the new SAC story— one that will generate world-wide reader- 
ship. This issue, "SAC In Transition,” offers manufacturers and 
suppliers of the aerospace industry an unusual opportunity to adver- 
tise and identify their role in the national defense effort. 
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Norden Contact Analog Display... 
man’s sight beneath the sea 


A recent and significant Norden achievement is a 
contact analog display which orients man in the un- 
natural environment beneath the sea. This compact 
system provides a pictorial pathway for a submarine, 
displaying on a single screen all pertinent para- 
meters: pitch, roll, heading, speed, surface and bot- 
tom positions. It forms an integrated control station 
for the craft. A sophisticated electronic system uti- 
lizing advanced television and computer techniques, 
it was developed for the Bureau of Ships and brought 
from concept to hardware in less than 18 months. 


This is just one of several key programs at Norden 
involving advanced television, radar, digital com- 
puting and digital control systems. And as man con- 
tinues to probe his universe, Norden engineers will 
be helping to make his craft safer and more efficient 
... for Norden is dedicated to extending man's capa- 
bilities. 


Stimulating positions are available at all levels of 
responsibility for qualified engineers and scientists. 
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nent performance. Eventually, today’s 
single circuit per wafer is expected to 
grow into multiple stages per wafer 
with molcctronic circuits. 

(The 12-notch Army-RCA Micro 
Module wafer is 0.31 in. square and nor- 
mally one component is allotted per 
wafer, although multiple components, 
four resistors, for example, have been 
mounted on one wafer and R-C filters 
will similarly be mounted.) 

Conductive material in the form of 
silver bonded glass frit ink is fired onto 
Sylvania's wafer in suitable patterns to 
interconnect components. Each of the 
wafer’s twelve protruding tabs (three 
per side) has conductive material fired 
onto it also for subsequent interconnec- 
tion with other wafers, as previously in- 
dicated. 

Sealing Process 

After the circuit has been properly 
laid out and tested, a glazed ring is 
placed over both faces of the wafer to 
improve the glass-to-cerainic bond in 
sealing. Spacer frames, 10, 30, 50 or 
more mils in height (with 20 mils wall 
thickness), are then fused to each wafer 
by short duration, high-intensitv hear- 
ing performed under an inert atmos- 
phere. Care is taken in selecting each 
spacer frame’s height as each frame 
must be able to clear the highest com- 
ponent on its wafer. The spacers are 
Coming Fotofonn which withstand 
temperatures up to 500C. Seal area is 
then the 20 mil wall frame around the 
periphery of each wafer. 

Temperatures of the sealing process 
are limited by the maximum tempera- 
ture which any of the avionic compo- 
nents can endure, and where semicon- 
ductors are employed, this precludes the 
use of furnace techniques. But as the 
higher temperature semiconductors be- 
come available, different seal materials 
can be used to continue this hermetic 
sealing process up to 500C. The seal is 
the only handicap on the high tem- 
perature capability of the module and it 
can be changed within 60 days. In fact, 
Sylvania says the higher the tempera- 
ture at which the seal can be made, the 
broader the suitable choice of materials 
and the easier the processing. 

This hermetic scaling of each circuit 
is one of the key features of the Sylvania 
program, Selvin contends. The entire 
circuit is protected in a single stroke, 
thus eliminating the need to protect 
the semiconductor in one way and 
other components in another. Plastic 
potting of a transistor, he argues, does 
not provide the necessary long-term pro- 
tection from moisture and contamina- 
tion. This makes the true hermetic seal 
essential. It also avoids such problems 
as the stressing of thin vacuum de- 
posited films, chemical interactions, 
electrical leakage and dielectric effects 
and limitations on upper operating and 


fabricating temperatures imposed by 

After a stack of hermetically sealed 
wafers has been assembled, each pro- 
tected from one another and from the 
atmosphere, the Fotoccram interwiring 
boards are inserted over tlic tabs along 
the four lengths of the stack. Conduc- 
tive wiring patterns, previously silk 
screened and fired onto the boarcl, and 
the protruding tabs are fused together. 

A thin (2 to 3 mils) plastic coating is 
applied over everything except the ends 
of the board to protect the modules 
against moisture and abrasion. Hie re- 
sulting module is a half inch square, 
rectangular shaped body whose lengths 
are variable, dependent on the height 
of the stack. 

Modules are then interconnected 
with a molded ceramic or formed Foto- 
ceram intermodule connection board, 
which is preformed with through holes 
for connectors. A finelinc wiring pat- 
tern is precision screened onto one or 
both sides of the board and preformed 
metal connectors arc inserted into the 
board holes and furnace fused to the 
finelinc wiring. According to the com- 
pany this provides a printed circuit 
interconnection without connector 
bodies and plastic material which might 
peel, be delaminated, or be temperature 
sensitive. Ends of the intermodule 
boards can be plugged into a conven- 
tional printed circuit type of board 
connector. 

In the event that spring type friction 
connectors are undesirable, as they may 
be in missile equipment, the spring 
connector fingers are pretinned with a 
solder alloy. Heat applied to the back 
side of the intermodule board freezes 
the microminiature module into the 
board. Because special materials are 
used throughout the board, wiring and 
fingers can withstand temperatures 
comparable to those of conventional 
soldering for periods of time. 

High Reliability 

Selvin believes that the method of 
interconnecting circuits and hermetic- 
ally sealing each circuit promises high 
reliability because of the paucity of 
joints, the ruggedness of the joints, 
hermetic protection and the absence 
of wires. 

Because the program is still in its 
infancy, Sylvania has not run exten- 
sive life tests with the modules. In 
one relatively brief test, however, engi- 
neers loaded slightly over one watt at 
75 volts through metal film resistor 
strips on alumina substrates for over 
1,000 hr. The only protection for the 
resistors was a loose glass covering to 
prevent dust from settling on the sur- 
faces. There were no failures in any of 
the 12 strips tested with one watt dis- 
sipated by each strip. Tests were run 
at room temperature and the heat of | 
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SOLID FOUNDATION 



ELECTRONICS 


STRUCTURES, MATERIALS DEVELOPMENT 


HYDRAULICS, PNEUMATICS 


INTEGRATED TEST AND MANUFACTURING FACILITIES 


FOR YOUR GSE 


Hamilton Standard’s systems-engineering experience and 
technologies provide GSE resources of tremendous scope 


Today Hamilton Standard can supply the widest 
range of aircraft and missile ground support 
equipment— from tiny precision components and 
safety devices to complete architectural struc- 
tures and weapon sub-systems. This capacity 
stems from Hamilton Standard’s 40 years' exper- 
ience in systems-engineering its own laboratories 
and broadening product line. 

IN SYSTEMS-ENGINEERING its facilities and 
products, Hamilton Standard has carried out new 
concepts in precision gaging, electrical and elec- 
tronic control, automatic interlocks, and other 
safety devices that are essential to many of to- 
day's sophisticated GSE systems. These programs 
have also produced an unusual knowledge of 
structures, materials development, and such crit- 
ical technologies as: 

Electronics— Hamilton Standard’s experience in 
producing controls for its products and labora- 
tories is readily applicable to such GSE as check- 
out sets, simulators, computers, and electrical and 
electronic test equipment. 


Hydraulics and Pneumatics — Through the de- 
velopment of hydraulic pumps, Hydromatic 
propellers, starters, fuel controls, and aircraft 
air conditioning systems, Hamilton Standard has 
acquired comprehensive skills in hydraulics and 
pneumatics— skills that can be efficiently applied 
to many GSE products. 

Cryogenics and Fuel Handling — Hamilton 
Standard is constantly working with low-temper- 
ature gases and fuels. This experience, plus exten- 
sive work with freon air conditioning systems and 
fuel controls for liquid oxygen and liquid hydro- 
gen, is a natural foundation for solving complex 
fuel handling or storage problems. 

UNMATCHED RESEARCH AND DEVELOP- 
MENT FACILITIES. As a division of United Air- 
craft Corporation, Hamilton Standard shares in 
one of the largest privately owned research in- 
stallations in the aerospace industry. 


ONE SOURCE FOR ANY GSE. To learn how 
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power dissipation raised the surface 
temperature of the resistors to over 
120C. At the conclusion of the test, 
resistance values had changed by less 
than 1/10 of \%, within the measure- 
ment accuracy of the test instruments. 

As far as maintenance is concerned, 
a faulty module can be removed from 
the intermodule board and replaced by 
a functioning unit. The faulty unit 
can be discarded, or where it is neces- 
sary or economically desirable to repair 
the individual faulty circuit wafer, the 
interconnection board must be removed 
and the module opened at the seal of 
the bad wafer. With anticipated reli- 
ability', however, the failure frequency 
should shrink, Selvin believes. 

One of the more severe problems 
confronting any microminiature pro- 
gram is the need to remove heat. Its cal- 
culations and preliminary tests show, 
Sylvania says, that thermal conduction 
by alumina wafers directly to the inter- 
Connection boards is an efficient 
method of getting heat away from the 
active electronic materials and to a 
radiator surface with the fewest pos- 
sible heat transfer interfaces. Calcula- 
tions indicate that well over one watt 
per module can be dissipated at 85C 
ambient. 

The only specific and valid test run 
thus far, Selvin adds, involved a six 
wafer stack at about 30C ambient in 
which one watt was dissipated on one 
wafer in the center of the stack. Under 
this condition the wafer surface tem- 
erature on which the resistive metal 
lm strip was dissipating its heat 
reached 83C, a safe figure for a ger- 
manium transistor. Adjacent wafers re- 
corded temperatures in the order of 34 
or 35C. Further tests are planned. 

Tlie Sylvania microminiature module 
is the product of a year's work by Sel- 
vin’s group which consists of what he 
describes as an integrated blend of 
transistor circuit engineers, chemists, 
ceramicists, metallurgists and solid- 
state physicists. 

In converting from the development 
to the production stage with its 
modules, Sylvania plans to actively seek 
financial support from military' agencies. 
The company feels that the application 
of microminiaturization to military 
electronics today and to commercial 
electronics in the future makes this 
work essential. 

NEW AVIONIC 
PRODUCTS 


Components & Devices 

• Synchro, Type UDSH-10-D-11G1, is 
a combination of any two of company's 
synchros from its size 8 and size 10 lines 
packaged in a cylindrical housing 2.875 
in. long. Pictured unit is a control dif- 
ferential resolver. Stainless steel con- 
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struction provides necessary vibrational 
rigidity and zero lineup is obtained by 
positive mechanical coupling. Clifton 
Precision Products Co., Inc., 9014 West 
Chester Pike, Upper Darby, Pa. 

• Static inverters and converters which 
may be used in missile guidance and 
control applications are being offered 
by Delco Radio. These devices arc ca- 
pable of high capacity, ranging from 
1 50 to 4,000 volt-amperes and efficien- 
cies of 65 to 90% depending on power 
and control required. Phase control is 
accurate to 0.5 deg. and frequency con- 
trol up to six parts per million is 
achieved under all load and environ- 
mental conditions, according to Delco 
Radio Division, General Motors Corp., 
Kokomo. Ind. 

• Tunnel diodes. Types IN2941 and 
1 N2969, designed for use as circuit ref- 
erence elements, are available to original 
equipment manufacturers in production 
quantities priced at S5.50 and S6.00 



design, implementation, 
structural construction, 
installation, operation, 

maintenance of: 






5. Integrated land, sea, 
and air communica- 
tions systems 



6. Data systems 
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ELECTRONICS 

CONSTANTLY 

AVAILABLE 

-ANYWHERE 


Alpha Corporation is an experienced supplier of 
transportable electronics systems and support 
packaging ... in projects where the entire 
complex is transportable and where transportable 
units are part of a larger complex. Capabilities 
extend from design through implementation, final 
test, and customer orientation. Particular 
emphasis is directed toward reducing user 
problems through design compatible with human 
engineering factors and simplified maintenance. 

The more than 700 engineers, technicians, and 
supporting personnel of Alpha represent a most 
substantial store of diversified systems experience. 



SYSTEMS DESI6NERS, ENGINEERS, CONSTRUCTORS, WORLD-WIOE • RICKAR0S0N, TEXAS • TELEPHONE DALLAS AOams 5-2331 






HELICAL GEARS 



WHY M-D ROTARY 
POSITIVE BLOWERS 
develop 
higher 
pressures! 

The unique combination of preci- 
sion manufacture and modern de- 
sign found only in M-D rotary pos- 
itive blowers permits higher speed 

this reason M-D can furnish greater 

M-D blowers operate at wider 
pressure and speed ranges than any 
other rotary positive blower. Ca- 
pacities of 22 production models 
range from 50 to 4,000 CFM, pres- 
sures to 14 PSIG single, 70 PSIG 



each, respectively. Both devices have 
typical pcak-to-vallcy ratios of 8 to 1; 
can operate over temperature range 
from — 55C to 100C, and arc housed in 
TO-18 case. The 1N2941 has typical 
peak point current of 2.2 mils (within 
10%); total capacity of 30 picofarads 
while for the 1N2969 these values are 
4.7 mils and 20 picofarads, respectively. 
General Electric Co., Semiconductor 
Products Department, Syracuse, N. Y. 



• Binary encoder, Model 793 M, is a 
13-bit subminiature shaft position-to- 
digital encoder packaged in a standard 
size 8 casing measuring J in. in diame- 
ter and 1.25 in. in length. Unit has 
a resolution of 128 counts per input 
shaft revolution and a capacity of 8192 
binary counts. A combination of two 
cascaded disks and 25 contact pickups 
provides serial or parallel binary read- 
out representing shaft position or rota- 
tion. Librascope Division, General 
Precision, Inc., 808 Western Ave., 
Glendale 1, Calif. 



• Mesa transistors, Types 2N1 561 and 
2N1562, capable of delivering 4 watt 
at 160 me., are available for use in 
sonobuoy transmitters, telemetering de- 
vices, air-sea rescue radio transmitters, 
etc. With a collector current capability 
of 500 ma., the transistors are packaged 
in a cold-welded package to ensure low 
internal temperature gradients. These 
pnp diffused junction transistors will 
dissipate up to 3 watts at 25C case tem- 
perature and are designed to meet 
mechanical and environmental require- 
ments of MIL-S-19500. Motorola. Inc.. 
Semiconductor Products Division, 5005 
East McDowell Rd., Phoenix, Ariz. 


• UHF Ferrite Isolator, Model LI 01, 
is designed for operation in the 440-470 
me. band and can cover a bandwidth of 
30 me. centered at 455 me., providing 
more than 10 db. isolation with less 
than 1 db. insertion loss. Isolator 
measures 3i x 2i x 1 in. including two 
BNC connectors and weighs about 8 
oz. It is available for delivery with 30 
to 60 days in production quantities. 
Motorola, Inc., 8201 East McDowell 
Rd., Scottsdale, Ariz. 

Instruments 

• Power meter, model B832T, is a tem- 
perature-compensated meter which can 
measure continuous wave or pulsed RF 
power in five full scale direct reading 
ranges from 30 micro to 3 milliwatts 
and readout in milliwatts or dbm. 



Charging circuit operates from 105 to 
125 v„ 50 to 400 cps. source. Readings 
arc virtually drift free and temperature 
compensation makes instrument more 
stable than comparable measuring de- 
vices, according to the firm, FXR, Inc., 
26-12 Borough Place, Woodsidc, 77. 
N. Y. 

• Cable tester, Model 196, can measure 
cable leakage and continuity at a maxi- 
mum rate of five wires per second un- 
der automatic operation. Tester will 
check 150 simple circuits, 75 main cir- 
cuits with any combination or number 



of branch circuits to a total of 75 
branches or any intermediate combina- 
tion of main and branch circuits up 
to 1 50. Designed to meet MIL-T-945A. 
tester is housed in moisture, air tight 
case. California Technical Industries, 
1421 Old County Rd., Belmont, Calif. 
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POLISHING of mating surface of hard glass electron tube bulb (left) is the most critical step in the polvoptic scaling process being studied 
by Chatham Electronics. Bulb is polished on ball lap made of rolled canvas micarta rotating at 1.000 rpm. Monochromatic hclinm light 
is used (center) to check preciseness of fit between mating surfaces of tube bulb and button stem. Interference rings, or fringe patterns, 
give a visual indication of the correctness of the surface contour. At right a Type 1258 tube is ready to be vacuum-sealed by the polyoptic 
process in a baking oven. Tube is mounted on trolley exhaust riser. 


Optical Polishing Adds to Tube Reliability 


By Harry Raven 

Livingston, N. f.— An optical polish- 
ing process of vacuum-sealing electron 
tubes lowered the number of rejects 
and significantly extended tube life in 
tests conducted on a pilot batch by 
Chatham Electronics Division of Tung- 
Sol Electric, Inc., under contract from 
U. S. Army Signal Supply Agency. 

Until automated production equip- 
ment is developed, the process, called 
polyoptic sealing, probably will be con- 
sidered economically impractical except 
for sealing tubes in which high reli- 
ability is a major consideration as in 
satellites, missile systems, unattended 
outpost stations and underwater cables. 
Army is expected to specify tubes 
sealed with the polvoptic technique be- 
fore the end of this year, according to 
Brig. Gen. Elmer L. Littcll, command- 
ing general of Army Signal Supply 
Agency. 

The process may ultimately have 
application in sealing special types of 
tubes, including those made of alumi- 
num silica glasses which have very high 
melting and strain points, and in seal- 
ing high precision quartz crystals. 

Premium type tubes sealed by optical 
polishing under present laboratory 
methods would cost approximately 1 5% 
more than if conventional gas flame 
sealing were used. This figure is based 
on the assumption that a manufactur- 
ing yield would be sufficicntlv increased 
to compensate for the high labor costs 
incurred by using the process. 

At 2,000 hr. in Chatham Electron- 
ics’ pilot evaluation, more than 60% 
of a batch of 38 polvoptic-sealed Type 


1258 miniature hydrogen thyratron 
tubes were still operative when all of 
a control batch of 50 flame-sealed 
1258s had failed. 

The polvoptic tube is scaled in a 
baking oven. The tube is mounted on 
a trolley exhaust riser by which all 
contaminants emitted during scaling 
are drawn off. The area to be sealed is 
centered within an RF coil. A graphite 
ring is placed on the tube over the 
mating surfaces at the scaling zone. 
The tube is then evacuated to a pres- 
sure of 2 x 10'" mm. of mercury and 
baked at 400C. 'Hie graphite ring 
is heated to 950C for 15 see. by induc- 
tion heating from the RF coil. Vacuum 
sealing prevents contamination of tube 
elements due to oxidation. 

Graphite rings are subject to rela- 
tively rapid erosion and are therefore 
not wholly satisfactory. Care must be 
taken to control ring contour, since 
variations in cross section arc apt to 
cause variations in temperature, and 



poor sealing may be the final result. 

Type 1258 tubes were chosen for the 
evaluation of the scaling process be- 
cause these tubes are made of hard 
glass with the mount structure close 
to the seal zone. In this type of con- 
struction the tube elements are par- 
ticularly susceptible to damage, since 
hard glass tubes are subjected to rela- 
tively high and prolonged temperatures 
during conventional gas flame scaling, 
a method which has the following dis- 

• Oxidation of tube elements (includ- 
ing the cathode base metal, in severe 
cases) can occur during scaling and 
annealing. 

• Impurities in the heating gas may 
contaminate tube elements. 

• Melted glass in the scaling zone re- 
leases contaminants such as water vapor, 
carbon dioxide and oxygen which may 
be absorbed by the element surfaces. 

• High temperature at the seal may 
vaporize metallic impurities or even 
constituents of the glass and contami- 
nate tube elements including, at worst, 
the cathode surface. 

As a result of these difficulties con- 
ventional production yields of the Type 
1258 tube are erratic and reliability un- 
certain. Therefore this tube seemed a 
good choice for testing the polyoptic 
sealing process. 

Polvoptic scaling is an application of 
the long-known fact that a pair of high- 
ly-polished and precisely-mated glass 
surfaces become securely sealed by true 
molecular bonding when placed to- 
gether. Compagnie Generale de Tele- 
graphic San Fil (CSF) of France at- 
tempted to apply this sealing technique 
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friend or foe? 


The way to know - An ominous shadow 
over ocean or wasteland ... an unidentified 
“blip” on a radar scope! A challenge from an 
airborne AN/APX-7 interrogating unit spurts 
into the ether. In microseconds a reply 
identifies the potential marauder as friendly. 
The absence of such a reply alerts the pro- 
tective and retaliatory might of the nation. 



ENGINEERING BEYOND THE EXPECTED 
Packard Bell’s reputation as a leading designer 
and foremost producer of IFF (identification, 
friend or foe) equipment is indicated by the fact 
that both the AN/APX-7 and the AN/APX-6, 
which returns the reply, are products of our 
Technical Products Division. Advanced devel- 
opment, company-sponsored, has recently pro- 
duced miniaturized IFF modules which operate 
up to 200°C. 
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pin socket attached to a plastic rod. 

to tubes in which high reliability was 
desirable, as in submarine cables. 

Due, apparently, to technical difficul- 
ties and economic reasons, the com- 
pany settled for a quasi optical scaling 
technique which proved satisfactory 
for making tubes in which reliability was 
paramount, according to Ward Wa- 
trous, manager of Chatham Electronics' 
power tube department. 

The U. S. Army Signal Corps learned 
of the French company’s process in 
1956 and in June of that year awarded 
Chatham Electronics a contract to pro- 
duce, test and evaluate a quantity of 
tubes with polyoptic seals. Chatham 
Electronics made an agreement with 
CSF to obtain technical data and man- 
ufacturing knowledge. Army Signal 
Corps Supply Agency has ’ awarded 
Chatham Electronics a new contract 
to continue study of the vacuum-sealing 
technique, and expects that the results 
of this investigation will permit a deci- 
sion as to whether volume production 
with polyoptic scaling is justified. 

The designation “polyoptic" is a 
misnomer; CSF describes its process as 
‘du system de scellement par poli- 
optique," which translates as "system 
of sealing by optical polishing." Thus 
the American designation "polyoptic 
scaling” is misleading. 

“In Chatham Electronics’ polyoptic 
scaling technique the mating surfaces of 
a Type 1258 tube’s glass envelope and 
Stem mount are optically polished to an 
accuracy of a few millionths of an inch 
so when they are joined the tube can 
be evacuated before the glass is fused. 


The mating surfaces can be flat, coni- 
cal or spherical, depending on the type 
of tube involved. A spherical seal shape 
was selected for the Type 1258 tube. 
When a tube is made of soft glass, 
enamels with low melting points may 
be fused to the mating surfaces before 
polishing and the seal may be effected 
at relatively low temperatures. How- 
ever, since the Type 1258 tube is con- 
structed of hard glass, direct-contact 
scaling was required. 

Polyoptic scaling has these advan- 

• Oxidation is practically eliminated 
because the tube elements are under 
vacuum during sealing. 

• Gas combustion products cannot en- 
ter the envelope. 

• Metallic vapors and gaseous products 
driven from the glass are removed 
through the exhaust system before 
they can appreciably contaminate the 
tube elements. 

• Period during which the glass is 
heated to the softening point is onlv 
about 1 5 sec. (The quantity of contami- 
nants released is a function of the 
time interval at scaling temperature.) 

• Glass temperature during the sealing 
period is considerably lower than dur- 
ing gas flame scaling, so that fewer 
contaminants are released from the 
glass. 
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ROUGH GRIND chamfers button to 0.20 in. 
(A); coarse lapping to 0.15 in. 

of the glass adjacent to the base pins 
is obviated. 

• Premature breakdown of the cathode 
binder is not critical because decom- 
position occurs under vacuum condi- 

Critical factors in polyoptic sealing 
include:’ 

• Polishing mating surfaces of the tube 
envelope and stem mount. Major dis- 
advantage of the process is the cost 
of labor required to prepare surfaces. 

• Sealing time. Too long a scaling time 
leads to bulb “suck in” by atmospheric 
pressure. Too short a sealing period 
results in leaky seals, or cracks. 

• Baking temperature. Oven baking at 
a minimum of 400C before and during 
actual sealing was found necessary to 
prevent seal cracks. 
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Down where the lakes are only min- 
utes away and the sea shore’s just 
an hour’s drive, Martin engineers 
came up with what is called a "pilot’s 
missile” — the air-to-surface Bullpup. 
It requires no more special handling 
than a round of ammunition. It gives 
the biggest bang per dollar in U. S. 
missilery. 

Bullpup, operational with the 
Navy (GAM-83B in R&D with 
AF) , was designed and developed at 
Martin in sunny Florida. Bullpups 
are now rolling off production lines 


for both the Navy and Air Force. 

Other Martin-Orlando prime con- 
tracts include: Lacrosse, Missile 
Master, and Pershing. 

We think Martin-Orlando is doing 
outstanding work because it has 
outstanding engineers and scientists 
. . . and because it has facilities 
second to none . . . and because the 
man who can swim or sail with his 
son in the evening brings renewed 
energy and purpose to his job. If you 
feel the same way about it, you’ll 
feel at home in Orlando. 


Write: C. H. Lang, Director of 
Employment, The Martin Company, 
Orlando 5, Florida, for a fully de- 
scriptive booklet, "Portrait of a 
Missile Maker.” 

CURRENT OPENINGS for engineers 
in these areas: ground and airborne 

ability • electronic manufacturing . 


WORK IN THE CLIMATE OF ACHIEVEMENT 
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GE Test’s Radome for Radar Deflection 


General Electric’s Heavy Military Electronics Department is testing this geodesic radoinc 
at Cazenovia, N. Y. The dome is erected on a new radar test tower built for the company 
by E. W. Bliss Co., Canton, Ohio. Tower, which has a tiltablc platform coupled to the 
steel framework, is used to determine amounts of deflection introduced into incoming 
radar signals by various types of radomes which house the antenna. 


■ m imp ■ | 

4= FILTER CENTER 4 

1 1000_0 QJ -■* 

► New Transistor Company— Kearfott 
Semiconductor Corp. will be the name 
of the new semiconductor organization 
(AW Apr. 25, p. 115) set up by Kear- 
fott Division of General Precision. Inc. 
Stephen Cudlitz and Robert S. Hender- 
son, previously with Massachusetts In- 
stitute of Technology, will be presi- 
dent and executive vice president, re- 
spectively, of the West Newton. Mass. 

► Signed on the Dotted Line— Major 
contract awards recently announced by 
avionics manufacturers include: 

• Raytheon Co. will produce and in- 
stall eight additional long range air 
traffic control radars for the Federal 


Aviation Agency’ under a S6 million 
contract. This brings to -)1 the total 
flight tracking radars ordered from 
Raytheon. 

• Diehl Manufacturing Co. will pro- 
duce resolvers for Navy under a S325,- 
000 award from Bureau of Weapons. 

• Space Electronics Corp. will conduct 
further research and development on 
Titan terminal guidance under a S 2 2 5 .- 
000 extension of a contract from Avco 


Corp. 

• Hallicrafters Co. will produce elec- 
tronic countermeasures equipment for 
Strategic Air Command Boeing B-52 
bombers under a SI 2 million Air Force 


> Laboratory 


• Sperry-Utah Engim 


research and development on Sergeant 
weapons system from the Army Ord- 
nance District, Los Angeles. 



We're rolling up our sleeves for the next 
important step of activating bases 
throughout the United States. Design 
or liaison engineers with B.S. in M.E. 
or E.E. and experience in electrical or 
mechanical systems are required for 
liaison work at missile launching 
complexes, or design support work on 
launch control equipment, propulsion 
systems, automatic programming and 
missile checkout equipment operations. 
Assignments are at Warren Air Force 
Base, Cheyenne, Wyoming: Offutt Air 
Force Base, Omaha, Nebraska; Fair- 
child Air Force Base, Spokane, Wash- 
ington; and in San Diego. 

Please send complete resume to 
Mr. R. Merwin, Engineering Personnel 
Administration, Dept. 130-90, 5599 
Kearny Villa Road, San Diego, Calif. 



CONVAIR/ASTRONAUTICS 

CONVAIR DIVISION OF 

GENERAL DYNAMICS 
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YOUR IDEA MAY BE BOEING WICHITA’S PRINCIPAL FUTURE PRODUCT! 

If you're the kind of man with a truly inventive turn of mind ... if you have really big ideas about end products 
and processes ... if you can sense the challenge in joining one of the world’s largest companies at the 
beginning of an expansion and diversification push . . . 

YOU belong WITH BOEING WICHITA Here's why: We have started the most ambitious 
product development program in our history. As you probably know, the tools are already here. Boeing / 
Wichita is one of the most extensive design and manufacturing complexes ever put together . . . with test 
facilities to match. 

We're looking for the kind of brains and vision that can activate meaningful programs in New Product 
Design. We're looking for the few men whose original thinking today will be translated into the products of 
an advanced age tomorrow. The rewards will be great. In terms of challenge, nothing can surpass it. 
Materially, basic compensation will be excellent ... and Boeing’s well-known royalty plan is spelled out in 
black and white. 

Naturally, the qualifications are high. But if you are one of the few who fits them ... by education, experience, 
inherent ability, or a combination of these . . . you will probably know it instinctively. We invite you to write in 
confidence to Mr. Melvin Vobach, Dept. C5, Boeing Airplane Co., Wichita 1, Kansas. 
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The sphere represents perfection in many ways to 
the designer of inertial instruments. It can be de- 
coupled completely from torques due to external mag- 
netic, electric, and gravitational fields. It has perfect 
symmetry, can be formed to extreme accuracy by 
simple machine processes. It is the primary element 
of Honeywell’s electrically suspended gyro. 


professional opportunities at Honeywell Aero 


INERTIAL SYSTEM DEVELOPMENT 

Systems Analyst— employs mathematical 
techniques such as operational calculus, 
matrix algebra, and difference equations to 
the solution of problems concerning per- 
formance characteristics of various system 
configurations including analysis for error 
introduced by sensors and computer, re- 
quirements for alignment, and optimization 
of the system configuration. 

Digital System and Logic Designer — requires 
familiarity with capabilities of various digi- 
tal computer configurations and ability to 
employ system and logic relations in speci- 
fying necessary configuration for solving 
inertial navigation problem. 

Electronic and Mechanical Designers — engi- 
neers with background in transistor circuitry, 
inertial sensor development and evaluation, 
and precision mechanical equipment design 
are needed to perform component develop- 
ment and evaluation, and to design mount- 
ing and alignment equipment. 

APPLIED RESEARCH 

Programmer Analyst— mathematician with 
experience in the use of medium and large 
scale digital computers for analysis of scien- 
tific problems. 

Human Factors Engineer — capable of analysis 
and direction of experiments in human motor 
skills, and application to man-machine sys- 
tems involving automatic control techniques. 


Systems Analyst — capable of conducting re- 
search studies involving new techniques of 
space navigation and guidance. 

DESIGN AND DEVELOPMENT 

Flight Control Systems — analytical, systems, 
and component engineers to work in areas 
such as advanced flight reference and guid- 
ance systems. Positions range from analyz- 
ing stability and control problems, systems 
engineering — through design, testing, and 
proof of electrical and mechanical equipment 
—including flight test and production test. 
Advanced Gyro Design — Engineers with two 
and up to twenty years’ experience in pre- 
cision gyro and accelerometer development, 
servo techniques, digital techniques, solid 
state electronic development, advanced in- 
strumentation and magnetic component 
design. 

Electronic Circuit Designers — experienced in 
the areas of analog /digital computers, tran- 
sistor circuits, servos, instrumentation, and/ 
or gyro stabilization. 

For the less experienced professional engineer, 

there are opportunities in the Evaluation 
Laboratory which lead to careers in any of 
the above fields. 

To investigate any of the above professional 
opportunities, please write in confidence to 
Bruce Wood, Dept. 613B, Honeywell Aero- 
nautical Division, 1433 Stinson Blvd. N.F.., 
Minneapolis 13, Minnesota. 


To explore professional opportunities in other 
Honeywell operations coast to coast, send your 
application to H. K. Eckstrom, Honeywell, 
Minneapolis 8, Minnesota. 


Honeywell 
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ENGINEERS: 


A ms CONCEPT IN 
PBOFESS MNfll JOB 
SELECTION^M 


New technical tests enable 
you to calculate your probability 
for success at LMED - in 1 hour 
at your own home! 


BY GENERAL ELECTRIC'S LIGHT MILITARY ELECTRONICS DEPARTMENT 


If you’ve been thinking of changing 
your job some day — or in the near 
future— but have hesitated because 
of the many uncertainties involved, 
Light Military’s new concept in 
professional job selection will be 
of paramount interest to you. 

What is it? 

The new concept is based on a series 
of technical tests developed and pre- 
tested by Light Military engineers. 
They are designed to be taken, scored 
and evaluated by the individual 
engineer, all in the privacy of his own 
home. And, because the sole purpose 

tive means for self-appraisal, your 
score need not be divulged to us at 


Here’s how It works: 

First, fill out the coupon below and 
check off the tests which apply to your 
training and professional experience. 
Forward the completed coupon to us 
and in a few days you will receive the 
tests, a sealed answer sheet and ex- 
planatory material. 

During a convenient hour at home, 
take the test and score it with the 
answer sheet provided. Then, compare 
your performance with the criterion 
group composed of Light Military 
engineers at all levels who took the 
same test. In most cases you will be 
able to relate your score to years of 
experience, from 2 to more than 10. 

What it measures: 

If your adjusted score is equal to, or 
more than the years of experience you 


possess, the probability is excellent 
that a significant community of tech- 
nical interest exists between you and 
The Light Military Department. In 
addition, a valid assumption can be 
made that a high probability for suc- 
cess awaits you here. And remember, 
your score need not be divulged to us 
at any time ; it is for your own guid- 
ance exclusively! 


CURRENT AREAS OF ACTIVITY 
AT THE LIGHT MILITARY DEPT. 


SPACE COMMUNICATIONS & TELEMETRY • 
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Are you a 


computer 


You think circuit 
design is old hat? 

We don’t! 


programmer 
and don’t 
know it? 


Give us handbook circuits which are "established” designs — we still 
find new aspects to investigate. Give us circuits to develop that must be 
reliable — we use the best available transistors, subminiature vacuum 
tubes, and other devices to design high performance circuits with feed- 
back — for airborne and surface radars, comprehensive sonar systems, 
communications and data processing systems. 

Our circuit design groups are well balanced. We have talented men 
with a variety of capabilities, engineer supervisors who understand 
your problems. Among us are those who keep abreast of advanced 
theories in such fields as network synthesis, who also know when to 
apply them and when not, where calculating ends and breadboarding 
begins. 

Our labs are brand new, technician support strong. There’s a 
“quiet corner” for everyone. You have an opportunity to get the broad 
view — learn about the systems of which your circuits are a part, 
follow them through to systems test. 

We’re key members of an engineering organization, operating in 
nobody’s shadow. If you share our attitude, let’s compare interests. We 
always need creative circuit designers, and encourage engineers to 
develop in this direction and to take Company and university courses. 
Opportunities are on East and West Coast. Please write in confidence to: 




Mr. Donald Sweet, Management and Professional Recruiting, Equip- 
ment Division, Raytheon, 624K Worcester Road, Framingham, Mass. 


EQUIPMENT DIVISION 
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EMPLOYMENT OPPORTUNITIES 
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Research 

Scientists: 


Need time to develop 
your ideas? 


.scientists al several levels of experience. Please 
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EVOLVING LARGE-SCALE 
SYSTEMS CONCEPTS 





This Many Ampere 
_ Plasma Stream 
may lead to new concepts 
of power generation 

and propulsion . . . 
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A mathematician whose clock had stopped wound it, but did not 
bother to set it correctly. Then he walked from his home to the home 
of a friend for an evening of hi-fi music. Afterwards, he walked back 
to his own home and set his clock exactly. How could he do this 
without knowing the time his trip took? 

— adapted from ihe ancient Hindu 

Mathematics and engineering of a very high order are demanded for 
our analog-digital conversion equipment, including digital-shaft posi- 
tion. digital-DC, shaft position-digital, and DC-digital equipment. 
If you feel you are qualified, write to Mr. R. W. Robinson. 

ANSWER TO LAST WEEK’S PROBLEM: $12, $21, $39. 

m LITTON INDUSTRIES 
Electronic Equipments Div. 

Beverly Hills, California 
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The recent demonstration of multi-purpose 
test equipment (MPTE), developed by 
RCA under a series of Army Ordnance con- 
tracts, highlights a new dimension in auto- 
mated multi-use systems support and culmi- 
nates a long-term RCA effort in this field. 
This General Evaluation Equipment is an 
automated, transistorized, dynamic check- 
out system. It contains a completely modu- 
larized array of electronic and mechanical 


evaluation equipment, capable of checking 
a variety of electromechanical devices, 
ranging from radar subassemblies to missile 
guidance computers. MPTE provides the 
stimuli, programming, control, measure- 
mentand test functions for the NIKE AJAX, 
NIKE HERCULES, LACROSSE, HAWK 
and CORPORAL missile systems and has 
been extended to other weapons systems 
related to our defense efforts. 
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Free reprints of this series available upon 
request. Write Dept. A at SM/I. 



I960 — RELIABILITY: typical of the reliable components which were 
used in SM/l’s first air data computers and other complex subsystems 
was our line of vacuum tube amplifiers, which exhibited a mean life of 
11,000 hours. Today, systems and components such as SM/I’s True 
Air Speed Computers, LOX Tan king and Propellant Utilization Systems 
and Force Balance Transducers are demonstrating comparable relia- 
bility for the more stringent requirements of modern weapon systems. 


SHF?\ZOMECHANI SMS/lNC. 

LOS ANGELES DIVISION: 

12500 Aviation Boulevard, Hawthorne. California 
MECHATROL DIVISION: Westbury, New York 
RESEARCH DIVISION: Goleta, California 

Subcontractors to leading system managers ... Aircraft and Missile Instrumentation ... Ground 
Support and Test Equipment ... Fuel Management ... Systems, Subsystems and 
Positions available for qualified scientists and engineers. 
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